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The Illinois Agricultural Pesticides Conference is an annual program presented for 
anyone in agriculture who uses or recommends the use of pesticides in a crop pest 
management program. The conference promotes the proper, timely, and wise use 
of pesticides within an integrated crop management system. The program is 
presented by the University of Illinois at Urbana-Champaign, College of Agricul­
ture, the Cooperative Extension Service, and the Illinois Natural History Survey. 
We gratefully acknowledge the assistance of the Illinois Department of Agricul­
ture, the Illinois Environmental Protection Agency, the Illinois Fertilizer and 
Chemical Association, and the Illinois Agricultural Aviation Association in 
planning and staging the program.
This publication contains summaries of the presentations made at the Illinois 
Agricultural Pesticides Conference on the dates indicated on the front cover.
Many of these summaries are research reports that are intended to bring you the 
latest research information about agricultural pest control. Some of the chemicals 
discussed in the summaries are not registered for use by the public and thus are 
not intended as recommendations. The Illinois Pest Control Handbook contains 
suggestions for using registered pesticides. The use of trade names does not 
imply or constitute endorsement by the University of Illinois, nor does it imply 
discrimination against other products.
Statements made in the summaries within this manual are the responsibility of the 
author or the institution he or she represents. Reproduction and publication of 
these summaries are permitted only with the approval of the author.
The Illinois Cooperative Extension Service provides equal opportunities in programs and 
employment.
OSS
Cooperative Extension Service 
University of Illinois at Urbana-Champaign
Helping You Put Knowledge to Work
Illinois Agricultural Pesticides Conference '91
Summaries of Presentations January 8, 9,10,1991 Urbana, Illinois
University of Illinois at Urbana-Champaign
College of Agriculture Cooperative Extension Service
In Cooperation with the Illinois Natural History Survey
Acknowledgments
The compilation and publication of these proceedings require considerable coordination and 
cooperation among several units in the College of Agriculture and the Office of Continuing 
Education and Public Service at the University of Illinois. Without the dedication of the 
individuals involved in this effort and the cooperation of the many authors, the papers it 
contains could never be published as a whole. The following is a list of the people responsible 
for the production of the Proceedings of the 1991 Illinois Agricultural Pesticides Conference.
Coordinator: Kevin Steffey, Extension Entomology
Section Coordinators:
Agricultural Engineering and Regulatory: Loren Bode 
Entomology and Regulator: Kevin Steffey 
Plant Pathology: Steve Ries 
Weed Science: Ellery Knake
Office of Continuing Education and Public Service, Division of Conferences and Institutes
Editorial Coordinator: Michael E. Ostroski 
Word Processor: Sue Overmyer 
Cover Designer: Jean Deichman 
Computer Support: Alice Szkodzinski
Contents
PROGRAM
Sponsors and Conference Planning Committee................................................................ ix
Illinois Agricultural Aviation Association Program............................................................. ix
Environmental Stewardship of Agrichemical Facilities...................................................... ix
New Developments from Industry....................................................................................... x
Pesticide Applicator Training for Field Crop and Demonstration
and Research Pest Control Categories..................................................................... x
General Session.......................................................................................................................x
Pesticide Applicator Examinations...................................................................................... x ii
Program Participants.........................................................................................................x ii
GENERAL INFORMATION
Pesticide Training and Certification C lin ics-1991........................................................xv i
Workshops Offered in 1991............................................................................................. xx ii
Newsletters from the University of Illinois College of Agriculture............................ xx iii
Horticulture Proceedings.................................................................................................. xxv
SUMMARIES OF PRESENTATIONS
New Help for Shattercane and Johnsongrass Control in Com
G. Kapusta................................................................................................................... 1
Accent
L. Hageman.......................................................  11
Beacon
B. Dill..................... ................................................................................................... 13
Interactions of Accent and Beacon with Organophosphate Insecticides
K. Diehl and E. Stoller............................................................................................... 16
Techniques for Applying Postemergence Herbicides
L. Bode and R. W olf................................................................................................ 18
Matching Weed Control to Tillage Systems
E. Knake.................................................................................................................... 22
Herbicide Drift Injury to High Value Ornamentals, Fruits, and Vegetables
J. Masiunas............................................................................................................25
V
Working with Your Local Aerial Applicator
S. Schertz...................................................................................................................29
On-Farm Research Trials in Illinois: How Effective Were Reduced Rates of Soil 
Insecticides for Com Rootworm Control?
M. Gray, K. Steffey, and H. Oloumi-Sadeghi........................................................ 32
Reducing Herbicide Inputs
M. McGlamery........................................................................................................ 47
Why Does Weed Identification Matter?
D. Anderson...............................................................................................................49
Bacterial Diseases of Field Crops in 1990
S. R ies..........................................................................................  50
Com Earworms and Seed Com Production
R. Randell.................................................................................................................53
Sudden Death Syndrome in Soybeans
D. Scott and T. Abney..............................................................................................56
Developing Herbicide Resistance in Corn
J. Schoper, P. Armstrong-Gustafson, and B. McBratney......................................59
Herbicide Safeners and Variety Interactions
L. Paul.......................................................................................................................61
Renewed Concerns about the Development of Resistant Weeds in Illinois
R. Liebl......................................................................................................................66
Viral Diseases of Small Grains
P. Himmel.................................................................................................................. 68
Com Diseases: New and Potential Problems
D. W hite....................................................................................................................70
Results of a Survey of Pesticide Use in Commercial Fresh Market Fruits and Vegetables
J. Masiunas..............................................................................................................72
Can We Really Make Use of Beneficial Insects in Field Crops?
R. Weinzierl...............................................................................  81
The Potential for Bioengineering in Disease Control
S. Farrand................................................................................................................88
Status of the IDOA Agrichemical Facility Containment Program
W. Goetsch and C. Sinnott.......................................................................................93
Results of a Pilot Program in Macon County: Unwanted Pesticides
B. Anderson..............................................................................  103
Pesticide Container Recycling
R. May..................................................................................................................... 104
How Will Cover Crops Affect Insect Ecology?
K. Steffey.................................................................................................................. 108
VI
Cleaning Pesticide Containers and Spray Tanks
R. Wolf and L. Bode..............................................................................................112
Environmental Behavior of Controlled Release Formulations of Pesticides
A. Felsot................................................................................................................... 115
Herbicide Movement in Illinois Soils
B. Simmons............................................................................................................ 121
Herbicide Formulations and Mobility
G. Fleming, L. Wax, and F. Simmons.................................................................... 125
Nitrogen: The Staff of Life or the Scourge of Society
B. Hoeft................................................................................................................... 127
Conservation Plans and How They Can Be Used To Aid Water Quality Efforts
R  Herman................................................................................................................ 131
Insecticide Use: Making Choices
K. Steffey.................................................................................................................. 133
Rye: More Than a Mulch for Weed Control
J. Doll and T. Bauer............................................................................................. 146
Fungal Foliar Diseases of Wheat
W. Pedersen..............................................................................................................150
Musk Thistle Identification and Control in Illinois
D. Dimmick............................................................................................................ 154
Placarding of Agrichemical Transport Vehicles
T. Crawford...............................................................................................................157
On-Farm Pesticide Use in 1990: Results of a Survey
D. Pike and K. Glover..............................................................................................163
Herbicide Tolerant Crops
J. Graham............................................................................................................... 167
The Status and Future of Direct Injection
L. Bode and R. W olf................................................................................................170
Vll
Illinois Agricultural Pesticides Conference ’91
The Illinois Agricultural Pesticides 
Conference is an educational program 
sponsored by the following organizations:
Cooperative Extension Service 
College of Agriculture 
University of Illinois
Illinois Natural History Survey 
Illinois Department of Agriculture 
Illinois Agricultural Aviation Association 
Illinois Fertilizer and Chemical 
Association
The planning committee for the Illinois 
Agricultural Pesticides Conference ’91 
consists of the following people:
Kevin Steffey, Chairman, and Phil Nixon
Extension Entomology, University of 
Illinois and Illinois Natural History 
Survey
Bill Anderson
Chief, Bureau of Plant and Apiary 
Protection, Illinois Department of 
Agriculture
Loren Bode
Agricultural Engineering, University of 
Illinois
Dale Ford
PC, Ltd., Decatur, IL
Illinois Fertilizer and Chemical
Association
Rod Grusy
Marshall-Putnam County Agricultural 
Extension Adviser, Cooperative Extension 
Service, University of Illinois
Ellery Knake
Extension Weed Science, University of 
Illinois
Jim Krejci
Resource Conservation Management 
Adviser, Cooperative Extension Service, 
University of Illinois
Bill Million
Adams County Agricultural Extension 
Adviser, Cooperative Extension Service, 
University of Illinois
Doug Nelson
Myers Crop Center, Gridley, IL 
Illinois Fertilizer and Chemical 
Association
Steve Ries
Extension Plant Pathology, University of 
Illinois
Scott Schertz
Schertz Aerial Service, Inc., Hudson, IL 
Illinois Agricultural Aviation Association
A.G. Taylor
Agriculture Adviser
Illinois Environmental Protection Agency
Program - Tuesday, January 8
Illinois Agricultural Aviation Association
General Lounge, Rm 210, Illini Union
9:00 a.m. - 12:00 m.
Environmental Stewardship of
Agrichemical Facilities
Illini Rooms A, B, and C
Doug Nelson Presiding
1:00 p.m. Welcome, D. Uchtmann
1:15 Environmental Audits at
Agrichemical Sites, R. Tinker
1:30 Principal Areas of Contamination 
and Containment Levels Found at 
Commercial Agrichemical Sites in 
Wisconsin, N. Zuelsdorff
1:45 Pesticide Contamination at
Illinois Agrichemical Facilities,
G. Wood
2:00 Liability Insurance, L. Johns
IX
2:15 Provisions of the Agrichemical 
Incident Response Fund and the 
Illinois Responsible Property 
Transfer Act, D. Dunbar
2:30 Chronology of a Cleanup -
Procedures of the Illinois EPA, 
A.G. Taylor
2:45 The Potential of Landfarming for 
Cleaning Up Pesticide- 
Contaminated Soils, A. Felsot
3:00 Questions and Answers
3:20 Break
New Developments from Industry 
Kevin Black Presiding
3:40 Ciba-Geigy, C. Pearson
3:47 American Cyanamid, B. Gentsch
3:54 DowElanco, C. Jentes
4:01 Valent, H. Shepherd
4:08 FMC, B. Davidson
4:15 BASF, B. Freed
4:22 Sandoz Crop Protection, L. 
Bozeman
4:29 Hoechst-Roussel, B. Bertges
4:36 Uniroyal, T. Harger
4:43 ICI Americas, R. Wolfe 
4:50 Atochem, T. Estes
4:57 DuPont, K. Hahn
5:04 Rhone-Poulenc, B. Striegel 
5:11 Mobay, R. Myers
5:18 Monsanto, J. Flint
5:25 Adjourn to Mixer
Mixer
Ballroom, Illini Union 
5:25 p.m. to 7:00 p.m.
This mixer is sponsored by the Illinois 
Fertilizer and Chemical Association and 
is intended for you to meet the speakers, 
sponsors, and committee members in an 
informal atmosphere. If you have any 
questions for the speakers who made 
presentations today or if you just want to 
visit with friends, please stop by.
Pesticide Applicator Training for Field 
Crop and Demonstration and Research 
Pest Control Categories
Room 314, Illini Union 
7:00 p.m. Tuesday Evening
Concurrent training sessions for the field 
crop and research and demonstration pest 
control categories will be offered.
A  person desiring to become certified as 
an applicator must first take and pass the 
General Standards examination before 
taking any of the applicator category 
examinations. However, there will be no 
training for the General Standards 
examination. Manuals and handout 
material will be available.
Program - Wednesday, January 9
General Session 
Illini Rooms A, B, and C
Bill Million Presiding
8:30 a.m. Opening Remarks, K. Steffey
8:40 New Help for Shattercane and 
Johnsongrass Control in Corn,
G. Kapusta
8:55 Accent, L. Hageman
9:15 Beacon, B. Dill
9:35 Interactions of Accent and Beacon 
with Organophosphate 
Insecticides, E. Stoller
X
9:50 Techniques for Applying
Postemergence Herbicides, L. Bode
10:05 Break
Tonv Endress Presiding
10:30 Comments About the 1991 Illinois 
Pest Control Handbook, K. Steffey
10:40 Matching Weed Control to Tillage 
Systems, E. Knake
10:55 Herbicide Drift Injury to High 
Value Ornamentals, Fruits, and 
Vegetables, J. Masiunas
11:10 Working with Your Local Aerial 
Applicator, S. Schertz
11:25 On-Farm Research Trials in 
Illinois: How Effective Were 
Reduced Rates of Soil Insecticides 
for Com Rootworm Control?
M. Gray
11:40 Reducing Herbicide Inputs,
M. McGlamery
11:55 Lunch
Program - Wednesday, January 9
Gary Heichel Presiding
1:00 Why Does Weed Identification 
Matter? D. Anderson
1:15 Bacterial Diseases of Field Crops 
in 1990, S. Ries
1:30 Com Earworms and Seed Com 
Production, R. Randell
1:45 Sudden Death Syndrome in 
Soybeans, D. Scott
2:00 Developing Herbicide Resistance 
in Com, J. Schoper
2:15 Herbicide Safeners and Variety 
Interactions, L. Paul
2:30 Renewed Concerns about the
Development of Resistant Weeds in 
Illinois, R. Liebl
2:45 Viral Diseases of Small Grains,
P. Himmel
3:00 Break
Mike Irwin Presiding
3:15 Com Diseases: New and Potential 
Problems, D. White
3:30 Results of a Survey of Pesticide
Use in Commercial Fresh Market 
Fmits and Vegetables, J. Masiunas
3:45 Can We Really Make Use of
Beneficial Insects in Field Crops? 
R. Weinzierl
4:00 The Potential for Bioengineering 
in Disease Control, S. Farrand
4:15 Status of the IDOA Agrichemical 
Facility Containment Program,
W. Goetsch
4:30 Results of a Pilot Program in 
Macon County: Unwanted 
Pesticides, B. Anderson
4:45 Pesticide Container Recycling,
R. May
5:00 How Will Cover Crops Affect Insect 
Ecology? K. Steffey
5:15 Adjourn
Program - Thursday, January 10
Rod Grusv Presiding
8:30 a.m. Cleaning Pesticide Containers 
and Spray Tanks, R. Wolf
8:45 Environmental Behavior of
Controlled Release Formulations 
of Pesticides, A. Felsot
9:00 Herbicide Movement in Illinois 
Soils, B. Simmons
9:15 Herbicide Formulations and 
Mobility, G. Fleming
9:30 Nitrogen: The Staff of Life or the 
Scourge of Society, B. Hoeft
XI
9:45 Conservation Plans and How They 
Can Be Used To Aid Water Quality 
Efforts, R. Herman
10:00 Insecticide Use: Making Choices, 
K. Steffey
10:15 Rye: More Than a Mulch for Weed 
Control, J. Doll
10:35 Break
Loren Bode Presiding
10:50 Fungal Foliar Diseases of Wheat, 
W. Pedersen
11:05 Musk Thistle Identification and 
Control in Illinois, D. Dimmick
11:15 Placarding of Agrichemical 
Transport Vehicles, T. Crawford
11:35 On-Farm Pesticide Use in 1990: 
Results of a Survey, D. Pike
11:50 Herbicide Tolerant Crops, 
J. Graham
12:05 p.m. The Status and Future of 
Direct Injection, L. Bode
12:20 Questions and Answers About
Placarding of Agrichemical 
Transport Vehicles
Pesticide Applicator Examinations
Room 314, Qlini Union
1:15 - 4:30 p.m. Thursday Afternoon
Written examinations for all commercial 
pesticide applicator pest control categories 
will be offered. General Standards 
examinations will also be available. A 
person may take as many examinations 
as he or she can complete during the 
allotted time. A  passing score of 70 
percent is required on both the General 
Standards and category examinations in 
order to become a certified applicator.
Program Participants
Anderson, Bill. Chief, Bureau of Plant 
and Apiary Protection, Illinois 
Department of Agriculture, 
Springfield, IL
Anderson, Diane. Extension Assistant in 
Weed Science and Pesticide 
Applicator Training, Department of 
Agronomy, University of Illinois, 
Urbana, IL
Bertges, Bill. Regional Manager, Field 
Technical Group, Hoechst-Roussel 
Agri-Vet Co., Burnsville, MN
Black, Kevin. Product Supervisor/Product 
Service Assistant, Growmark, Inc., 
Bloomington, IL
Bode, Loren. Extension Specialist and 
Professor of Agricultural 
Engineering, University of Illinois, 
Urbana, IL
Bozeman, Luke. Field Representative,
Product Development, Sandoz Crop 
Protection Corp., Champaign, IL
Crawford, Tom. Chief, Regulations and 
Training, Illinois Department of 
Transportation, Springfield, IL
Davidson, Bruce. Senior Research
Biologist, Market Development, 
Agriculture Chemical Group, FMC 
Corp., Monticello, IL
Dill, T. Robert (Bob). Midwest Regional 
Research and Development 
Manager, Agricultural Division, 
Ciba-Geigy Corp., West Des Moines, 
IA
Dimmick, David. Agricultural Extension 
Adviser, Greene County, Illinois 
Cooperative Extension Service, 
Carrollton, IL
Doll, Jerry. Extension Weed Scientist and 
Professor of Weed Science, 
Department of Agronomy,
University of Wisconsin, Madison, 
WI
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Dunbar, Dwight. Vice President, Illinois 
Fertilizer and Chemical 
Association, Springfield, IL
Endress, Tony. Head, Department of
Horticulture, University of Illinois, 
Urbana, IL
Estes, Tony. Field Development
Representative, Agrichemicals 
Division, Atochem North America, 
Inc., Bloomfield, IN
Farrand, Steve. Professor of Plant 
Pathology and Microbiology, 
Department of Plant Pathology, 
University of Illinois, Urbana, IL
Felsot, Allan. Professional Scientist,
Center for Economic Entomology, 
Illinois Natural History Survey, and 
Associate Professor of Agricultural 
Entomology, University of Illinois, 
Champaign, IL
Fleming, Gwen. Research Assistant, 
Department of Agronomy,
University of Illinois, Urbana, IL
Flint, Jerry. Product Development 
Representative, Monsanto 
Agricultural Co., Decatur, IL
Ford, Dale. PC, Ltd., Decatur, IL
Freed, Brian. Agronomist, Technical 
Development Representative, 
Agricultural Chemicals Group,
BASF Corp., Riverton, IL
Gentsch, Bryan. Technical Service
Representative, American Cyanamid 
Co., Crystal Lake, IL
Goetsch, Warren. Chief, Bureau of
Laboratories, Illinois Department of 
Agriculture, Springfield, IL
Graham, James. Director, Herbicide
Technology, Monsanto Agricultural 
Company Technology Division, St. 
Louis, MO
Gray, Mike. Extension Specialist and 
Assistant Professor, Office of 
Agricultural Entomology,
University of Illinois and Illinois
Natural History Survey, Champaign, 
IL
Grusy, Rod. Agricultural Extension
Adviser, Marshall-Putnam County, 
Illinois Cooperative Extension 
Service, Henry, IL
Hageman, Larry. Field Station Manager, 
Agricultural Products Department, 
E.I. DuPont de Nemours & Co., Inc., 
Rochelle, IL
Hahn, Kevin. Field Development 
Representative, Agricultural 
Products Department, E.I. DuPont de 
Nemours & Co., Inc., Bloomington,
IL
Harger, Tom. Regional Product
Development Manager, Crop 
Protection Division, Uniroyal 
Chemical Company, Inc., West Des 
Moines, LA
Heichel, Gary. Head, Department of
Agronomy, University of Illinois, 
Urbana, IL
Herman, Ray. State Resource
Conservationist, USDA Soil 
Conservation Service, Champaign,
IL
Hoeft, Bob. Extension Specialist and 
Professor of Soil Fertility, 
Department of Agronomy,
University of Illinois, Urbana, IL
Himmel, Phyllis. Research
Microbiologist, USDA/ARS and 
Department of Plant Pathology, 
University of Illinois, Urbana, IL
Irwin, Mike. Director, Center for
Economic Entomology, Illinois 
Natural History Survey, Champaign, 
IL
Jentes, Clarence. Technical Service and 
Development Representative, 
Agricultural Products Division, 
DowElanco, St. Louis, MO
Johns, Larry. National Corporate Risk 
Consultant, MSI Insurance, Arden 
Hills, MN
xiii
Kapusta, George. Professor of Agronomy, 
Department of Plant & Soil Science, 
Southern Illinois University, 
Carbondale, IL
Knake, Ellery. Extension Specialist and 
Professor of Weed Science, 
Department of Agronomy,
University of Illinois, Urbana, IL
Krejci, Jim. Resource Conservation 
Management Adviser, Illinois 
Cooperative Extension Service, 
Benton, IL
Liebl, Rex. Assistant Professor of Weed 
Science, Department of Agronomy, 
University of Illinois, Urbana, IL
May, Ralph. Senior Research Chemist, 
DuPont Experiment Station, 
Agricultural Products Department, 
E.I. DuPont de Nemours & Co., Inc., 
Wilmington, DE
McGlamery, Marshal. Extension
Specialist and Professor of Weed 
Science, Department of Agronomy, 
University of Illinois, Urbana, IL
Masiunas, John. Assistant Professor and 
Extension Specialist in Vegetable 
Crop Weed Management,
Department of Horticulture, 
University of Illinois, Urbana, IL
Million, Bill. Agricultural Extension 
Adviser, Adams County, Illinois 
Cooperative Extension, Quincy, IL
Myers, Randy. Field Development 
Representative, Agricultural 
Chemicals Division, Mobay Corp., 
Urbana, IL
Nelson, Doug. Myers Crop Center, Gridley, 
IL
Nixon, Phil. Extension Entomologist, 
Office of Agricultural Entomology 
and Illinois Natural History Survey, 
Champaign, IL
Paul, Lyle. Associate Agronomist and 
Superintendent, Northern Illinois 
Agronomy Research Station,
DeKalb, IL
Pearson, Charles. Field Development
Research Representative, Ciba-Geigy 
Corp., Dewey, IL
Pedersen, Wayne. Associate Professor of 
Plant Pathology, Department of 
Plant Pathology, University of 
Illinois, Urbana, IL
Pike, David. Agronomist, Weed Science, 
Department of Agronomy,
University of Illinois, Urbana, IL
Randell, Roscoe. Extension Specialist and 
Professor, Office of Agricultural 
Entomology, University of Illinois 
and Illinois Natural History Survey, 
Champaign, IL
Ries, Steve. Extension Specialist and 
Associate Professor of Plant 
Pathology, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Schertz, Scott. President, Illinois Aerial 
Applicators Association, Schertz 
Aerial Service, Hudson, IL
Schoper, John. Research Agronomist,
Department of Research Specialists, 
Pioneer Hi-Bred International, Inc., 
Johnston, LA
Scott, Don. Professor and Extension
Plant Pathologist, Department of 
Plant Pathology, Purdue University, 
West Lafayette, IN
Shepherd, Howard. Technical Service
Specialist, Valent USA Corp., Ames, 
IA
Simmons, Bill. Assistant Professor of 
Soil and Water Management, 
Department of Agronomy,
University of Illinois, Urbana, IL
Steffey, Kevin. Extension Specialist and 
Associate Professor, Office of 
Agricultural Entomology,
University of Illinois and Illinois 
Natural History Survey, Champaign, 
IL
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Stoller, Ed. Plant Physiologist, USDA, 
and Professor of Plant Physiology, 
Department of Agronomy,
University of Illinois, Urbana, IL
Striegel, Bill. Field Research and
Development Representative, Rhone- 
Poulenc Ag Co., Morton, IL
Taylor, A.G. Agriculture Adviser, Illinois 
Environmental Protection Agency, 
Springfield, IL
Tinker, Randy. Project Engineer, James 
M. Montgomery Consulting 
Engineers, Inc., Des Moines, IA
Uchtmann, Don. Director, Illinois 
Cooperative Extension Service, 
University of Illinois, Urbana- 
Champaign, IL
Weinzierl, Rick. Extension Specialist and 
Associate Professor, Office of 
Agricultural Entomology,
University of Illinois and Illinois 
Natural History Survey, Champaign, 
IL
White, Don. Associate Professor of Plant 
Pathology, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Wolf, Bob. Extension Specialist in 
Pesticide Applicator Training, 
Department of Agricultural 
Engineering, University of Illinois, 
Urbana, IL
Wolfe, Ron. Market Development 
Representative, Agricultural 
Products, ICI Americas, Inc., 
Monticello, IL
Wood, Gary. Environmental Scientist, 
Andrews Environmental 
Engineering, Springfield, IL
Zuelsdorff, Ned. Director, Agrichemical 
Management Bureau, Wisconsin 
Department of Agricultural Trade 
and Consumer Protection, 
Agricultural Resource Management 
Division, Madison, WI
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PESTICIDE TRAINING AND CERTIFICATION CLINICS - 1991
Commercial Pesticide Training and Certification Clinics will be offered throughout the state. 
As has been the case for the last few years, most of them will be two-day clinics with general 
standards training and testing on the first day. Only general standards tests may be taken on 
the first day; there will be a testing session on the second day in which any category test and 
the general standards test may be taken. Through most of the state and for all of the Field 
Crops Clinics, general standards training will be followed by category training from 1:30 to 
4:30 p.m. on the first day with category training continuing from 8:00 a.m. until noon the 
second day.
These clinics will include information on the Endangered Species Act, Right-to-Know Law, 
new rules concerning pesticide containment systems, and the groundwater contamination 
problem. Included in the presentations on insects, weeds, diseases, and equipment will be 
additional updated information to help keep you on the "cutting edge" of new developments in 
these fields.
TRAINING INSTRUCTIONS:
The Cooperative Extension Service of the University of Illinois writes the study guides and 
teaches the training sessions.
Pesticide training clinic questions should be sent to Phil Nixon, University of Illinois, 172 
Natural Resources Building, 607 E. Peabody Drive, Champaign, IL 61820, Telephone: (217) 
333-6650. In northeastern Illinois, call the county Cooperative Extension Service office for 
the county in which the clinic is being held.
Study guides and workbooks can be purchased from county Cooperative Extension Service 
offices and from the University of Illinois office listed above. They will also be available at 
each clinic.
TESTING & LICENSING INSTRUCTIONS:
The State of Illinois Department of Agriculture administers both the general standards and 
category examinations. Illinois law requires a person who applies a pesticide for hire outside 
of a structure to be licensed by the Illinois Department of Agriculture.
Testing, certification, and licensing questions should be sent to Bill Anderson, Illinois Dept, 
of Agriculture, State Fairgrounds, P.O. Box 19281, Springfield, II 62794-9281, Telephone: (217) 
785-2427. In northeastern Illinois, Stan Smith can be contacted at (708) 990-8256.
For testing sessions, please bring your most current license or all past test results. A 
calculator will be useful for part of the test. You must pass the General Standards 
Certification examination before you will be allowed to take a category examination. Tests 
will be graded and results made available immediately after testing.
Testing sessions immediately following General Standards training will include General 
Standards testing only except on March 12, 20, April 18, 24, 30, May 7, and June 4. On those 
dates, as well as during testing sessions following category training, all tests, including 
general standards, will be available.
XVI
TESTING ONLY SESSIONS - ALL TESTS AVAILABLE
Jan. 24 from 1:00-3:00 p.m. at the Specialty Crops Convention, Prairie Capitol Convention 
Center, Springfield, Illinois.
April 11, May 22, and June 13 from 8:30 a.m. until 12:00 p.m. at the Illinois Department of 
Agriculture Auditorium, State Fairgrounds, Springfield, Illinois.
Dec. 11 from 10:00 a.m. until 2:00 p.m., Jan. 16 and March 21 from 9:00 a.m. until 1:00 p.m. 
at the DuQuoin State Fairgrounds, DuQuoin, Illinois.
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1990-1991 PESTICIDE TRAINING AND CERTIFICATION CLINICS
$10.00 per clinic registration fee payable at the door of each clinic. One fee covers both days 
of 2-day clinics. Registration begins at 7:30 a.m. Space available on first come-first served 
basis, seating may be limited.
1st Day 2nd Day
8:00 a.m.-12:30 p.m. General Standards Training 8:00 a.m.-Noon Category Training
Continues
1:30 p.m.- 4:30 p.m. General Standards Testing Only 1:00-4:30 p.m. Testing (All Categories &
General Standards)
1:30 p.m.- 4:30 p.m. Category Training Begins
Rights-of-way category training will be during the morning of the 2nd day only, starting at 
9:00 a.m. Ornamentals training will usually be during the afternoon of the 1st day, turf 
training during morning of 2nd day.
DATE CITY TRAINING LOCATION
Dec 6-7 Galesburg G.S., Field Crops Winfield Inn, 2 mi. W  of 1-74 on U.S. 34
Jan 3-4 Rockford G.S., Turf, Om, ROW Clock Tower Hotel, 1-90 & Bus. 20
Jan 7-8 Springfield G.S., Turf, Om, ROW Regional Extension Office, State 
Fairgrounds
Jan 8, 10 Urbana Field Crops,
Demonstration & Research
Illini Union Rm. 314, U of I Campus 
Trng. Jan 8, 7 p.m.; Testing Jan 10, 
1:15 p.m.
Jan 23-24 DeKalb G.S., Field Crops DeKalb Co. Extension Office, 
315 N. 6th St.
Jan 28-29 Fairview Hts. G.S., Turf, Om, ROW Ramada Inn, 1-64 & Rt. 159
Jan 30-31 E. Peoria G.S., Turf, Om Holiday Inn, 1-74 & Rt. 116 W
Feb 13-14 Jacksonville G.S., Field Crops Black Hawk Restaurant, Rt. 104
Feb 19-20 Mt. Vernon G.S., Field Crops Holiday Inn, 1-57 & 1-64 (1st Day) 
Ramada Inn, 1-57 & 1-64 (2nd Day)
Feb 19-20 Mt. Vernon G.S., Turf, Om, ROW Ramada Inn, 1-57 & 1-64
Feb 21-22 Champaign G.S., Turf, Om, Field Crops Chancellor Inn, Rt. 45 & Kirby Ave.
Feb 25-26 Davenport, LA G.S., Turf, Om Holiday Inn, 1-80 & Rt. 61
Mar 12 Teutopolis G.S. K. of C. Hall, S of Rt. 40 on Vine St.
Mar 20 Springfield G.S. 111. Dept, of Agriculture, State 
Fairgrounds
Apr 18 Mt. Vernon G.S., Mosquito Ramada Inn, 1-57 & 1-64, G.S. Trng. 
8 a.m.
Mosquito Trng. 11 a.m., Testing 
1:30 p.m.
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Apr 24 Springfield G.S. 111. Dept, of Agriculture, State 
Fairgrounds
Apr 30 Kankakee G.S., Mosquito, ROW Kankakee Comm. College, Off Rt. 45 
on River Rd.
G.S. Tmg. 8 a.m., Mosq., ROW Tmg. 
11 a.m., 1:30 p.m.
May 7 Belleville G.S., Mosquito Farm Bureau, 407 E. Lincoln, G.S. 
Tmg. 8 a.m.
Mosq. Tmg. 11 a.m., Test 1:30 p.m.
G.S. = General Standards; Om = Ornamentals; ROW == Rights-of-Way.
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1991 NORTHEASTERN ILLINOIS PESTICIDE CLINICS
$13.00 per day PREPAID registration fee required at all locations except Crystal Lake. No 
refunds and no transfers between clinics. Registration is through the Northern Illinois 
Horticulture Association, P.O. Box 204, Gurnee, IL 60031 except for the March 6 clinic. Due to 
limited seating at most locations, registration must be received by the Friday before the 
desired clinic date. Send a self-addressed stamped envelope for confirmation of registration; 
your check will be returned if the clinic is full.
For 2-day clinics, General Standards training and testing will be on the 1st day, Turf and 
Ornamentals training and testing in all categories will be on the 2nd day. Each clinic begins
at 8:00 a.m., with testing from 1:00 to 4:00 p.m,
DATE CITY TRAINING
Feb 26 Mundelein G.S.
Feb 27 Joliet G.S.
Mar 5 Crystal Lake G.S.
Mar 13-14 W illowbrook G.S., Turf, Om.
Mar 20-21 Glencoe G.S., Turf, Om.
Mar 27-28 Alsip G.S., Turf, Om.
Apr 10-11 Wheaton G.S., Turf, Om.
Apr 16-17 Glencoe G.S., Turf, Om.
Apr 23-24 Alsip G.S., Turf, Om.
May 7-8 Wheaton G.S., Turf, Om.
June 4 Wheaton G.S., Turf, Om.
G.S. = General Standards; Om = Ornamentals
LOCATION
Holiday Inn, Rt. 45
Holiday Inn, Larken Ave. & 1-80
Hob Nob II Restaurant, Rt. 14 & 31. $10.00 
fee. Call (815) 338-3737 to Pre-register.
Holiday Inn, Rt. 83 & 1-55
Chicago Botanic Garden, Lake-Cook 
Rd. E of 1-94
Condesa del Mar, 12220 S Cicero,
1/2 mi N of Holiday Inn
DuPage County Fairgrounds, Manchester Rd.
Chicago Botanic Garden, Lake-Cook 
Rd. E of 1-94
Condesa del Mar, 12220 S Cicero,
1/2 mi N of Holiday Inn
DuPage County Fairgrounds, Manchester Rd. 
DuPage County Fairgrounds, Manchester Rd.
XX
1991 GRAIN FACILITY & PRIVATE APPLICATOR-FUMIGATION CLINICS
Private Applicators-Fumigation should attend the Grain Facility clinic, but for the afternoon 
only. Contact Rick Weinzierl at (217) 333-6651 to pre-register. Pre-registration for private 
applicators is requested, but not required.
Grain Facility Clinics require pre-registration through the Grain and Feed Association of 
Illinois, contact Jeff Adkisson at (217) 787-2417.
Grain Facility Clinic Schedule
8:30-10:00 a.m. General Standards Training 
10:00 a.m. General Standards Testing
12:30-4:30 p.m. Grain Facility Category and Private Applicator-Fumigation Training 
4:30 p.m. Testing - Clinic participants only
You must already have a Private Applicators License to take the Private Applicator- 
Fumigation Test.
DATE CITY TRAINING LOCATION
Mar 26 Mendota
Mar 27 Normal
Mar 28 Mt. Vernon
Mar 29 Springfield
G.S., Grain, Fumigation 
G.S., Grain, Fumigation
G.S., Grain, Fumigation 
G.S., Grain, Fumigation
Civic Center, Off of Rt. 51 
Holiday Inn, 1-55 & Rt. 51 (formerly 
Sheraton Inn)
Ramada Inn, 1-57 & 1-64
111. Dept, of Agriculture, State
Fairgrounds
G.S. = General Standards; Grain = Grain Facility; Fumigation = Private Applicator- 
Fumigation.
PESTICIDE APPLICATOR STUDY MATERIALS
General Standards Manual $2.50
General Standards Workbook $1.00
Aerial Applicator Manual $3.50
Aquatic Weed Control $7.00
Dealer Pest Control $3.50
Demonstration & Research $2.50
Field Crops Manual $7.00
Field Crops Workbook $1.00
Forest Pest Control $5.00
Fruit Crops Pest Control $4.00
Grain Facility Pest Control $7.00
Livestock Pest Control $3.00
Mosquito Pest Control $5.00
Ornamentals Manual $5.00
Plant Management $2.00
Private Applicator Manual $4.00
Rights-of-Way Manual $5.00
Rights-of-Way Workbook $1.00
Seed Treatment Manual $2.00
Soil Fumigation $2.50
Turfgrass Manual $6.00
Turf & Ornamentals Workbook $1.00
Vegetable Pest Control $4.00
The above manuals and study materials can be ordered from:
Office of Ag. Entomology 
172 Natural Resources Bldg.
607 E. Peabody Dr.
Champaign, IL 61820
Make checks payable to the University of Illinois. All prices subject to change without notice.
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WORKSHOPS OFFERED IN 1991
SEVENTEENTH ANNUAL ILLINOIS CROP PROTECTION WORKSHOP
Extension specialists and research personnel with the University of Illinois, College of 
Agriculture, and the Illinois Natural History Survey are offering a Crop Protection Workshop 
from March 5 to 7, 1991 at the Chancellor Hotel and Convention Center, Champaign, Illinois. 
Advance registration will be required.
The objectives of the workshop are to give in-depth training in diagnosing pest problems, 
troubleshooting in the field, and identifying insect, weed, and disease pests, as well as life 
cycles, thresholds, plant nutrient deficiencies, and other factors that affect crop production 
decisions.
Specialists in entomology, weed science, agronomy, plant pathology, and agricultural 
engineering from the University of Illinois and the Illinois Natural History Survey will 
conduct training sessions on the above topics. Out-of-state speakers will also give 
presentations on subjects of particular interest. About eighteen hours will be spent in group 
sessions.
The registration fee for the workshop is $75 and will include the cost of the workshop and two 
lunches, but will not cover lodging. Further information about the workshop can be obtained 
at the registration desk at the Illinois Agricultural Pesticides Conference or from Michael 
Gray, 172 Natural Resources Building, 607 East Peabody Drive, Champaign, Illinois 61820; 
(217)333-6651.
FIELD CROP PEST MANAGEMENT SHORT COURSE
A  pest management scout training short course will be offered in 1991. This course is being 
offered to accommodate those persons who will monitor field crops for pest problems. The 
courses will be taught by Extension specialists in weed science, agronomy, entomology, and 
plant pathology from the University of Illinois and the Illinois Natural History Survey. The 
scout training school will be offered from March 25 to 26, 1991.
Further information about the workshop can be obtained at the registration desk at the 
Illinois Agricultural Pesticides Conference or from Michael Gray, (217)333-6651.
WHICH WORKSHOP IS FOR YOU?
Each year a number of people inquire about the difference between the crop protection 
workshop and the pest management short course.
The Crop Protection Workshop is intended for those individuals who are concerned with 
current research that affects pest management. Topics presented represent subject matter that 
will provide the basis for future pest management decisions. Farmers, agribusiness people, 
and Extension advisers represent the largest portion of the 300 people in attendance.
The Field Crop Pest Management Short Course is intended for those who wish to learn the 
what, how, where, and when of field crop scouting. The lab sessions are approximately four 
hours each and cover the identification of weeds, insects, and plant diseases and the 
procedures needed to scout accurately and report the findings. Farmers and field scouts 
employed by private consultants comprise the largest segment of the audience.
If you are still unsure about which workshop to attend, contact Michael Gray, Illinois Natural 
History Survey, 172 Natural Resources Building, 607 East Peabody Drive, Champaign, Illinois 
61820; (217)333-6653.
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NEWSLETTERS FROM THE UNIVERSITY OF ILLINOIS 
COLLEGE OF AGRICULTURE
FARM ECONOMICS FACTS AND OPINIONS: Economic principles applied to farm problems 
such as marketing strategies, crop and livestock product decisions, government and 
institutional policies. Eighteen issues per year.
WEEKLY OUTLOOK: Anticipates reports and interprets current market information—supply, 
demand, and price outlook--for agricultural products. Issued weekly except for the last two 
weeks of December.
LIVESTOCK PRICE OUTLOOK: Forecasts of prices and production for hogs (four issues) and 
cattle (two issues) following inventory reports. Includes inventory data, forecasting methods, 
and discussions of pricing strategies. Six issues per year.
GRAIN PRICE OUTLOOK: Four issues each on com and soybeans. An in-depth analysis of 
supply, demand, and price outlook for com and soybeans. Also includes a discussion of 
storage and pricing strategies for producers. Eight issues per year.
ILLINOIS DAIRY DIGEST: Provides the latest dairy research information available from the 
U of I and other sources; practical, timely tips to help producers make management decisions; 
announcements of educational events. Four issues per year.
SWINE REPORT: Current information on swine feeding, management, economics, and 
engineering. Four issues per year.
ILLINOIS FOREST MANAGEMENT NEWSLETTER: Features helpful management information 
and timely tips for woodland owners on silviculture, tree planting, wildlife management, 
forest investments and taxes, marketing, harvesting and utilization, forest insect and disease 
problems, residential tree care, and care of wood products around the home. Two issues per 
year.
ILLINOIS VEGETABLE FARMER'S NEWSLETTER: Provides production, harvest and handling, 
and marketing advice for commercial producers in the Midwest. News and updates from 
university and Extension staff are highlighted. Four issues per year.
PEST MANAGEMENT AND CROP DEVELOPMENT BULLETIN: Weekly reports on the current 
agricultural insect, weed, and plant disease situation with advice on scouting, thresholds, and 
control methods. Also covers crop development and new developments in pesticide 
application techniques. Issued weekly April-August, and an additional five issues from 
September-March.
HOME, YARD, AND GARDEN PEST NEWSLETTER: Insect, weed, and plant disease pests of the 
home and garden. Current controls, application equipment and methods, storage and 
disposal of pesticides, plus other topics. Issued weekly April-July; biweekly in August.
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ORDER BLANK
Newsletter
Number of 
issues
Cost of 
materials and 
Dostaee
Amount
enclosed
Farm Economics Facts and Opinions............. ............18 $15.00 $
Weekly Outlook............... .................................. ............50 30.00 $
Livestock Price Outlook....................................... ............. 6 12.00 $
Grain Price Outlook.......................................... ..............8 12.00 $
Illinois Dairy Digest......................................... ..............4 5.00 $
Swine Report..................................................... ..............4 5.00 $
Illinois Forest Management Newsletter.......... ..............2 6.00 $
Illinois Vegetable Farmer's Newsletter.............. ..............4 5.00 $
Pest Management and Crop Development 
Bulletin............................................................. ............25 20.00 $
Home, Yard, and Garden Pest Newsletter........ ............20 15.00 $
Total $
To order any of the newsletters listed on the previous pages, fill out the order blank and the 
information below. Remove both pages from this book and send them with a check payable to 
the University of Illinois to:
University of Illinois Agricultural Newsletter Service 
116 Mumford Hall 
1301 West Gregory Drive 
Urbana, Illinois 61801
Please print or type:
Name
Street
City State Zip
County Date
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HORTICULTURE PROCEEDINGS
Price
(includes postage)
VEGETABLE PROCEEDINGS
1990 IL Fruit, Vegetable, Irrigation Convention 15.00
1991 Specialty Growers Convention 15.00
1990 IL Herb Convention 10.00
1991 IL Herb Convention 10.00
(Available after March 1, 1991)
STRAWBERRY AND SMALL FRUIT PROCEEDINGS
1990 IL Strawberry School 11.00
1991 IL Strawberry and Small Fruit School 11.00
(Available after March 1, 1991)
ASPARAGUS PROCEEDINGS
1987 Asparagus School 5.00
1988 Asparagus School 5.00
1989 Asparagus School 5.00
1990 Asparagus School 5.00
Make checks payable to the University of Illinois.
Mail orders to: Dr. J.W. Courter
University of Illinois
Dixon Springs Agricultural Center
Simpson, IL 62985
The University of Illinois Department of Horticulture publishes proceedings of the statewide
fruit and vegetable schools. They may be ordered from the Dixon Springs Agricultural Center.
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New Help for Shattercane and Johnsongrass
Control in Corn
G. Kapusta
INTRODUCTION
Shattercane and johnsongrass are two of the most difficult weeds to control in Illinois. The 
percentage of total cropland acres infested with these weeds is not high. Nonetheless, the 
difficulty of achieving consistent control makes these weeds especially troublesome. 
Shattercane is distributed throughout much of Illinois, and its spread is increasing fairly 
rapidly. Johnsongrass is distributed primarily in the southern third of Illinois although 
infestations occur elsewhere, especially in the Illinois River Valley. Shattercane is an annual 
weed that produces prolific amounts of seed that shatter to the ground before crop harvest. 
Johnsongrass is a perennial weed that reproduces both by seed and by underground rhizomes. 
Seed is the more important reproductive structure responsible for new stands of johnsongrass 
that develop in previously uninfested fields. It is likely that farm and custom application 
equipment moving over relatively long distances from one field to another have contributed 
to the spread of these weeds.
PREVIOUS CONTROL TACTICS
The first herbicide to afford control of shattercane and johnsongrass was Treflan used at a 
double rate for two consecutive seasons. The use of Treflan was restricted to soybeans. The 
commercialization of the post emergence herbicide Fusilade, and more recently Assure and 
Option/Whip, provided a high level of control of these weeds, but again, only in soybeans. The 
use of Roundup through rope and wick applicators also was very effective, but these 
applicators could not be used in com. The only herbicides labeled for suppression or control 
of shattercane and johnsongrass in com have been Sutan + and Eradicane Extra. Control 
with these herbicides has been inconsistent in many instances because they are applied too 
early in the season when the soil is wet and cold. Uniform incorporation is difficult and 
uptake of the herbicide is slow, resulting in poor control.
NEW HERBICIDES FOR CORN
The introduction of Accent and Beacon in 1990 for control of annual and perennial grasses in 
com will be invaluable for control of shattercane and johnsongrass. Considerable research 
has been conducted by the manufacturers and universities to evaluate the effectiveness of 
Accent and Beacon on these weeds and on tolerance of com to these products. The results of 
some of the research conducted by Southern Illinois University are discussed in this article.
SHATTERCANE CONTROL, 1988
The current label rate for Accent is 0.67 oz of product per acre; and for Beacon the rate is 0.75 
oz of product per acre. Thus, the lowest rate of Accent and the highest rate of Beacon 
evaluated in 1988 should be compared directly (Table 1). Accent and Beacon plus crop oil 
concentrate (COC) or nonionic surfactant (NIS) applied at labeled rates to 7-inch shattercane 
gave complete or nearly complete control. Accent and Beacon plus COC applied at label rates 
to 14-inch shattercane also provided 94 to 98% control. However, when NIS was used as the 
additive, control with Accent decreased to 83%, and Beacon gave only 42% control. Accent 
applied to 21-inch shattercane continued to provide excellent control, 95% when the additive 
was COC and 90% when the additive was NIS. Control with Beacon applied at 0.77 oz/A was 
84% with COC and 88% with NIS as the additive. These results indicate that Accent and 
Beacon afford excellent and essentially equal control when applied to 7- or 14-inch
1
SHATTERCANE CONTROL, 1990
Two studies were conducted in 1990 in Jackson County on a field densely infested with 
shattercane. Lariat applied preemergence provided no control of shattercane (Table 2). By 
contrast, Accent and Beacon applied postemergence provided 86 to 98% control. Control with 
Accent was more complete when applied to 8-inch compared to 4-inch shattercane. Accent 
plus COC was slightly more effective than Accent plus NIS when applied to 4-inch shattercane.
The second study included Accent and Beacon applied over Sutan +, Eradicane, Eradicane 
Extra, and Dual. All treatments included Aatrex. Dual plus Aatrex provided only 3% control 
of shattercane (Table 3). By contrast, Accent and Beacon applied postemergence after Aatrex 
or Dual plus Aatrex provided 99% control for the entire season. Likewise, Accent and Beacon 
applied postemergence over preplant incorporated applications of Sutan +, Eradicane, or 
Eradicane Extra provided complete, season-long control of shattercane. Sutan + and 
Eradicane Extra plus Aatrex also provided a high level of control of shattercane in 1990, 
exceeding 90% control in three of the four treatments. The high level of control afforded by 
these soil herbicides probably was related to a late application on June 16. By this time the 
soil was adequately warm to assure optimum uptake of the herbicides. This is in contrast to 
the frequent occasions when these herbicides are applied in April under cold, wet conditions 
which greatly reduce their effectiveness.
POSTEMERGENCE CONTROL OF RHIZOME JOHNSONGRASS IN CORN, 1988
Control of johnsongrass was variable in 1988 depending on location, height at application, 
and herbicide. Labeled rates of both Accent and Beacon provided complete control when 
applied to 14-inch johnsongrass in Johnson County (Table 4). Accent also afforded 87% 
control when applied to 21-inch johnsongrass, but control with Beacon was only 38%. The 
labeled rate of Accent also provided more complete control in St. Clair County, giving 65 and 
82% control when applied to 14- and 21-inch johnsongrass, respectively as compared to 0 and 
10% control with Beacon. Applications to regrowth did not afford much additional control. 
The level of control may have been influenced by two factors: (1) the com in Johnson County 
was under considerable moisture stress and afforded little competition to the johnsongrass, 
and (2) the field in St. Clair County had been cultivated several weeks prior to herbicide 
application, and, consequently, the johnsongrass may not have been growing as actively as 
optimum for absorption and translocation of the herbicide.
INFLUENCE OF ADDITIVES ON JOHNSONGRASS CONTROL IN CORN WITH ACCENT
Johnsongrass control in 1988 in St. Clair County was poor with Accent (ranging from 0 to 
22% as indicated in Table 5) at all rates with single additives. By contrast, when Accent was 
applied with nonionic surfactant or crop oil concentrate plus 28% UAN, control increased to 
67 to 82%. The value of 28% UAN as a second additive to surfactant or crop oil was 
confirmed in Union and Gallatin counties in 1989, although not as dramatically as in 1988. 
Control in Union County in 1989 ranged from 77 to 87% with a single additive compared to 
90 to 96% with two additives. Similar results were observed in 1989 in Gallatin County.
Com afforded limited competition to the johnsongrass at both locations in 1989 because of a 
severe infestation of fall armyworms and stalk borers in Gallatin County and because the 
cooperator failed to apply nitrogen in Union County. This most likely reduced the level of 
control that might have been achieved otherwise. By contrast, in a study in Jackson County 
in 1989 where com  growth was very vigorous, complete season-long control of johnsongrass 
was achieved with Accent applied at 0.67 oz/A.
shattercane. Accent plus COC gave more complete control when applied to 21-inch
shattercane than Accent plus NIS or Beacon with either additive.
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INFLUENCE OF JOHNSONGRASS HEIGHT AT APPLICATION ON CONTROL WITH ACCENT
Accent was applied to 7-, 14-, 2I-, and 28-inch johnsongrass at three rates at two locations 
each in 1988 and 1989 (Table 6). The most consistent control was obtained when applications 
were made to the 14- and 21-inch johnsongrass. Delaying applications until the johnsongrass 
was 28 inches tall resulted in reduced control in most instances. The level of control 
probably was reduced at all four locations because the com was not growing vigorously; thus, 
it failed to provide adequate competition.
JOHNSONGRASS CONTROL IN CORN, UNION AND JACKSON COUNTY, 1990
Several studies evaluating johnsongrass control with Accent and Beacon were conducted in 
1990. However, very low temperatures during December 1989 killed most of the rhizomes, 
resulting in an evaluation mostly of control of seedling johnsongrass. Accent and Beacon 
afforded essentially complete control of seedling johnsongrass in several studies in Union 
County. In a study in Jackson County, Accent provided excellent control, but control with 
Beacon was very poor.
SUMMARY
Accent and Beacon afforded excellent and nearly equal control of shattercane in several 
studies in 1988 and 1990. Overall, control of johnsongrass was more complete with Accent 
than with Beacon, although Beacon afforded excellent control in several instances. The 
control of both shattercane and johnsongrass will be most complete if a "program" approach 
is used. Rotating com with soybeans should provide more options for more complete control 
of these weeds than if com is grown continuously. Further, following practices that assure a 
vigorously growing stand of com  will aid considerably in providing competition to these 
weeds. Where tillage is acceptable, a soil-applied herbicide such as Sutan + or Eradicane Extra 
as the base for control, followed by Accent or Beacon, would provide the most consistent and 
complete control.
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Table 1. Shattercane control in noncrop areas with Accent and Beacon, 1988
Herbicide
Rate
(oz product 
per acre) Additive
Shattercane height (inches)
____________ at application____________
7 14 21
---------% control, 28 DATa...... .......
Accent 0.67 COCb 99 98 95
Accent 1.0 COC 97 98 94
Accent 1.33 COC 98 98 98
Accent 0.67 NISC 96 83 90
Accent 1.0 NIS 99 89 93
Accent 1.33 NIS 99 89 98
Beacon 0.39 COC 92 72 72
Beacon 0.57 COC 96 88 88
Beacon 0.77 COC 95 94 84
Beacon 0.49 NIS 92 42 33
Beacon 0.57 NIS 96 82 78
Beacon 0.77 NIS 95 87 88
a DAT = days after treatment 
b COC = petroleum crop oil concentrate at 1% v/v 
c NIS = nonionic surfactant (X-77 at 0.25% v/v)
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Table 2. Shattercane control in com with Accent and Beacon, 1990
Herbicide
Product 
rate per 
acre Additive
Shattercane 
height at 
application
Percent 
control 
(Sep. 2)
Lariat 3.0 qt none preemergence 0
Accent 0.67 oz COC* 4 inch 93
Accent 0.67 oz NISb 4 inch 86
Accent 0.67 oz coc 8 inch 96
Accent 0.67 oz NIS 8 inch 98
Beacon 0.75 oz COC 8 inch 98
Beacon 0.75 oz NIS 8 inch 98
a Petroleum crop oil concentrate at 1% v/v 
b Nonionic surfactant at 0.25% v/v
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Table 3. Shattercane control with Sutan + or Eradicane Extra plus Accent or Beacon, 1990
Product Percent
rate per control
Herbicidea acre Application (Sep. 2}
None 0
Dual 2.0 pt PPIb
+ Aatrex 2.2 lb PPI 3
Sutan + 4.8 pt PPI
+ Aatrex 2.2 lb PPI 91
Sutan + 7.2 pt PPI
+ Aatrex 2.2 lb PPI 92
Eradicane Extra 5.3 pt PPI
+ Aatrex 2.2 lb PPI 75
Eradicane Extra 8.0 pt PPI
+ Aatrex 2.2 lb PPI 96
Aatrex 2.2 lb PPI
+ Accent 0.67 oz 12" Shcac 99
Aatrex 2.2 lb PPI
+ Beacon 0.75 oz 12" Shea 99
Dual 2.0 pt PPI
+ Aatrex 2.2 lb PPI
+ Accent 0.67 pt 12" Shea 99
Dual 2.0 pt PPI
+ Aatrex 2.2 lb PPI
+ Beacon 0.75 oz 12" Shea 99
Sutan + 4.8 pt PPI
+ Aatrex 2.2 lb PPI
+ Accent 0.67 oz 12" Shea 99
Sutan + 7.2 pt PPI
+ Aatrex 2.2 lb PPI
+ Accent 0.67 oz 12" Shea 99
Eradicane Extra 5.3 pt PPI
+ Aatrex 2.2 lb PPI
+ Accent 0.67 oz 12" Shea 99
Eradicane Extra 8 pt PPI
+ Aatrex 2.2 lb PPI
+ Accent 0.67 oz 12" Shea 99
Sutan + 4.8 pt PPI
+ Aatrex 2.2 1b PPI
+ Beacon 0.75 oz 12" Shea 99
Sutan + 7.2 pt PPI
+ Aatrex 2.2 1b PPI
+ Beacon 0.75 oz 12" Shea 99
Eradicane Extra 5.3 pt PPI
+ Aatrex 2.2 1b PPI
+ Beacon 0.75 oz 12" Shea 99
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Table 3. (Continued) Shattercane control with Sutan + or Eradicane Extra plus Accent or
Beacon, 1990
Herbicidea
Product 
rate per 
acre Application
Percent 
control 
(Sep. 2)
Eradicane Extra 8.0 pt PPI
+ Aatrex 2.2 1b PPI
+ Beacon 0.75 oz 12" Shea 99
Eradicane 4.8 pt PPI
+ Aatrex 2.2 1b PPI
+ Accent 0.67 oz 12" Shea 99
Eradicane 7.2 pt PPI
+ Aatrex 2.2 lb PPI
+ Accent 0.67 oz 12" Shea 99
aAll Accent and Beacon treatments included nonionic surfactant at 0.25% v/v. 
b PPI = preplant incorporated on June 16, 1990
c 12" Shea - all Accent and Beacon applied at 12-inch shattercane height on 
July 16, 1990.
7
Table 4. Postemergence control of rhizome johnsongrass in com, 1988
Herbicidea
Rate
(oz product 
per acre)
Johnson Countv St. Clair Countv 
Johnsongrass height finches) at aDDlication 
14 21 14 21
---- ------ % control.............. .
Accent 0.67 99 87 65 82
Accent 1.00 99 93 78 67
Accent 1.33 99 93 75 87
Beacon 0.39 99 35 0 7
Beacon 0.57 99 25 0 15
Beacon 0.77 99 38 0 10
Accent 0.67
+ Accent @ 0.33
10" regrowth — — 80 87
Beacon 0.39
+ Beacon @ 0.19
10" regrowth 99 38 17 27
All Accent and Beacon treatments included nonionic surfactant at 0.25% v/v.
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Table 5. Influence of additives on johnsongrass control with Accent in corn
Accent rate Additive
(oz product 28% NIS + COC +
per acre)d None NISa cod3 UANC 28% 28%
(% control, St. Clair County, 1988)
0.67 0 0 0 0 67 73
1.00 0 0 0 22 72 77
1.33 0 13 13 12 82 73
0.67 79 77 87 83 96 90
1.00 63 95 93 81 90 93
1.33 62 88 87 98 98 91
—-(% control, Gallatin County, 1989)
0.67 72 82 90 87 96 93
1.00 67 83 96 93 93 98
1.33 80 87 93 96 98 99
a Nonionic surfactant at 0.25% v/v 
b Petroleum crop oil concentrate at 1% v/v 
c 28% UAN at 4% v/v
dAll treatments applied to 15-inch johnsongrass.
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Table 6. Influence of johnsongrass height at application on control with Accent in com
Accent rate 
(oz product 
per acre)a
Johnsongrass height finches) at aDDlication
7 14 21 28
.........(% control, St. Clair County, 1988)--........
0.67 — 10 80 63
1.00 -- 43 82 72
1.33 — 83 65 87
— ......(% control, Johnson County, 1988)--------
0.67 99 95 87
1.00 99 93 88 - -
1.33 99 95 93 —
— ......(% control, Gallatin County, 1989)...... —
0.67 92 85 99 82
1.00 88 92 99 80
1.33 87 98 99 88
-------- (% control, Union County, 1989).......... —
0.67 58 80 83 53
1.00 65 87 90 62
1.33 68 96 90 82
a All treatments included nonionic surfactant at 0.25% v/v.
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Accent®
L. Hageman
Accent® (formerly known as DPX-V9360) is a new herbicide from DuPont Agricultural 
Products for postemergence grass and some broadleaf weed control in field com. This 
herbicide is a member of the sulfonylurea class of chemistry - and, like other sulfonylurea 
herbicides, it inhibits the biosynthesis of branched-chain amino acids, valine, and isoleucine 
- which are necessary for cell division - by inhibiting the enzyme acetolactate synthase. This 
enzyme system is specific to plants and, therefore, mammals are not directly endangered. 
Accent® has an acute oral LD50 of >5,000 mg/kg of body weight in the male rat and female 
mouse.
Accent® has not been found to be a skin sensitizer. Moderate eye irritation was observed in 
rabbits following exposure to Accent®, but the eyes were normal within 7 days of exposure.
In addition, Accent® has not shown any mutagenic, teratogenic, or carcinogenic effects in 
any of the many acute or chronic studies completed, and it has been found to have low 
toxicity to fish, daphnia, bob white quail and mallard ducks.
Herbicidal effects appear within a few days after treatment with Accent®. Chlorosis and 
shoot growth inhibition can be observed 5-7 days after application. With time, necrosis is 
observed, and plant death occurs within 2-3 weeks after application. Differences in the degree 
of control or selectivity are based on different rates of metabolism. Accent® is currently 
formulated as a water dispersible granule containing 75% active ingredient by weight.
EFFICACY
Accent® has been evaluated in over 500 trials all across the midwest by Du Pont researchers, 
university cooperators, and independent contractors. These trials have confirmed that 
Accent® has excellent broad spectrum activity on both perennial and annual grasses.
Accent®, applied postemergence at its use rate of 2/3 oz product (0.5 oz a.i./A), controls many 
midwest grassy weeds (see Table 1). Broadleaf weed control at this rate includes ivyleaf, pitted 
and tall morning glory, smooth and redroot pigweed, annual smartweed and jimsonweed.
Always add crop oil concentrate (COC) OR a non-ionic surfactant to the spray mixture. Non­
ionic surfactants should contain at least 80% active ingredient and should be added at 0.25% 
vol./vol. (1 qt per 100 gal of spray solution). Use only EPA approved surfactants authorized 
for use on food crops. If crop oil concentrate is substituted for non-ionic surfactant, use a 
good quality petroleum-based COC containing at least 15% emulsifiers/surfactants and add to 
the spray mixture at 1% vol./vol. (1 gal per 100 gal of spray mixture).
Adding liquid nitrogen fertilizer solution (e.g., 28-0-0 or 32-0-0) to the spray solution may 
improve the control of certain weed species. However, a non-ionic surfactant or crop oil 
concentrate will still be necessary. Add liquid nitrogen fertilizer solution at 4% vol./vol. (4 
gal per 100 gal). Do not use liquid fertilizer solutions or suspensions as the total carrier 
because excessive crop injury may occur.
ROTATIONAL CROPS
Crops normally rotated following Accent® treated com have not shown injury in numerous 
field trials all across the midwest. Soybeans have been especially tolerant and little injury 
has been observed on this crop on most soil types or soil pH ranges. Currently, the Accent® 
label calls for a 10 month interval from application of Accent® to replanting of soybeans, 
wheat, popcorn or sweet com, barley, dry beans, or oats. A  12 month recropping interval is 
required for alfalfa.
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SELECTIVITY
Accent®, at its use rate of 2/3 oz product/A, has shown excellent tolerance across a wide 
number of com  varieties. No com varietal restrictions are currently on the Accent® label. 
Postemergence applications from the 2 to 6 leaf stage of com and post directed applications 
for the 6 to 10 leaf stage of com are currently labeled.
However, crop tolerance to Accent® can be severely reduced in the presence of certain 
systemic organophosphate insecticides. When Counter(l) soil insecticide is used on com prior 
to Accent® application, unacceptable com injuiy often results after Accent® application. 
Injury is manifested as chlorosis, leaf malformation, and stunting. The use of any 
formulation of Counter! 1) followed by Accent® is currently prohibited by the Accent® label. 
The use of other organophosphate soil insecticides (Lorsban(2), Dyfonate(3) and Thimet(l)) and 
the non-organophosphates (Force(3) and Furadan(4)) prior to Accent® application is currently 
permitted. The organophosphate interaction can also occur if foliar organophosphate 
insecticides (e.g. Lorsban(2), malathion, parathion) are applied within a few days of Accent® 
application. The Accent® label prohibits application of foliar organophosphates within 7 
days before or 3 days after Accent® application.
Overall, Accent® has demonstrated excellent post emergence activity at 2/3 oz product/A on a 
wide spectrum of annual and perennial grasses as well as on several key broadleaf weeds. 
Accent® has a wide window of application which will provide a great deal of flexibility. Com 
safety to Accent® has been excellent except in the presence of systemic organophosphate 
insecticides such as Counter! 1). Accent® also appears to be compatible with most rotational 
crops. Accent® offers corn producers a safe and highly effective means to control many 
annual and perennial weeds as a postemergence treatment in com.
(1) Registered trademark of American Cyanamid Company.
(2) Registered trademark of Dow Chemical Company.
(3) Registered trademark of ICI Americas, Inc.
(4) Registered trademark of FMC Corporation.
Table 1. Accent®, at its use rate of 2/3 oz product (0.5 oz a.i./A), controls the following 
problem midwest grass weeds:
shattercane 
seedling johnsongrass 
rhizome johnsongrass 
sorghum almum 
giant foxtail 
bristly foxtail 
quackgrass
green foxtail 
fall panicum 
field sandbur 
longspine sandbur 
yellow foxtail 
woolly cupgrass
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Beacon®
T. R. Dill
Beacon, registered May 11, 1990, is a unique postemergence herbicide for weed control in 
field com. This sulfonylurea herbicide selectively controls a number of problem weeds in 
com such as shattercane, quackgrass, and johnsongrass as well as several broadleaf 
weeds (Table 1). A  low use rate, unique packaging, low mammalian and wildlife toxicity, 
soil degradation, and postemergence timing help make Beacon environmentally 
acceptable during a time when public concern over pesticide use is an issue. Beacon is 
marketed as a 75% water dispersible granule in a unique water-soluble packet which 
virtually eliminates direct handling exposure and messy container disposal. Beacon 
represents the trend for future products.
APPLICATION RATES, MIXING, AND ADDITIVES
Beacon may be applied once at 0.76 oz/acre (one soluble packet per two acres) or twice as 
split applications at 0.38 oz/acre (one soluble packet per four acres). Application of 
Beacon requires the addition of either a suitable nonionic surfactant at 0.25% 
volume/volume or crop oil concentrate at one to four pints per acre. Liquid nitrogen 
(28%) may be added to enhance activity on certain weeds. A  minimum spray volume of 
10 gallons/acre is necessary for adequate coverage. Beacon mixes readily with water. Do 
not use liquid fertilizer as the carrier.
APPLICATION METHOD AND TIMING
Beacon may be applied postemergence over-the-top of 4 to 20 inch com. The label will be 
expanded to allow postemergence directed application to com over 20 inches. Optimum 
weed heights are listed in Table 1. Beacon provides residual control of sensitive 
germinating weeds for two to four weeks depending on weed species, weather, and soil 
conditions.
SEQUENTIAL AND TANK MIXTURE APPLICATIONS
Beacon does not adequately control many common annual grass species such as giant 
foxtail and, thus, should be used following a normal grass control program such as Dual 
(metolachlor) or Bicep (atrazine + metolachlor). For postemergence control of broadleaf 
weeds not controlled by Beacon, tank mixtures with Banvel (dicamba), Buctril 
(bromoxynil), or 2,4-D may be used to increase the weed control spectrum. Directions for 
use of Beacon and the tank mix partner must be followed. Antagonism has been observed 
with Basagran (bentazon) and atrazine applied post emergence and, therefore, these 
herbicides are not recommended as tank mix partners with Beacon.
FIELD CORN SELECTIVITY
Beacon may be applied to most common field com varieties except a few that have been 
classified by CIBA-GEIGY Corporation as potentially susceptible to injury. Growers and 
applicators are advised to consult with their chemical dealer, seed supplier, or CIBA- 
GEIGY representative as to a specific hybrid’s classification. Very few hybrids grown in 
the major com belt have been classified as potentially susceptible. Beacon is not 
recommended for use on sweetcom, popcorn, or com grown for seed. As with many 
herbicides, application to field com under severe stress due to drought, flooding, disease, 
insect damage, or nutrient deficiency is not recommended.
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The Beacon label does not allow use on com treated anytime during the growing season 
with the organophosphate insecticide Counter (terbufos) due to a possible interaction 
resulting in significant injury potential. If the organophosphate insecticides Aastar 
(phorate), Dyfonate (fonophos), Lorsban (chlorpyrifos), or Thimet (phorate) are applied at 
planting, temporary com injury may occur after Beacon application. Foliar applications 
of all organophosphate insecticides are restricted within 10 days before or after Beacon 
application due to a possible interaction resulting in crop injury.
REPLANTING AND ROTATIONAL CROPS
A  field com hybrid with good tolerance to Beacon may be planted 14 days or more after 
application of Beacon in the case of a crop failure. Winter wheat may be planted three 
months after a Beacon application and several other common rotational crops may be 
planted the next growing season (Table 2). Extended dry weather may cause increased 
carryover potential resulting in injury to rotational crops.
INTERACTION WITH ORGANOPHOSPHATE INSECTICIDES
Table 1. Weeds controlled in field com with Beacon
Weed Species
Optimum ht. 
range (In.)
Relative a 
effectiveness
Shattercane 4 to 12 Excellent
Sorghum-almum 4 to 12 Good
Seedling johnsongrass 4 to 12 Excellent
Rhizome johnsongrass 8 to 16 Good
Quackgrass 4 to 8 Good
Fall panicum Less than 2 Good
Canada thistleb 2 to 9 Good
Common ragweed 2 to 9 Excellent
Giant ragweed 2 to 9 Excellent
Cocklebur 1 to 4 Excellent
Devilsclaw 1 to 4 Excellent
Eastern black knightshade 1 to 4 Good
Jerusalem artichoke 1 to 4 Good
Jimsonweed 1 to 4 Good
Kochia 1 to 4 Good
Ladysthumb 1 to 4 Good
Pennsylvania smartweed 1 to 4 Good
Pigweeds 1 to 4 Excellent
Prickly sida 1 to 4 Fair
Sunflowers 1 to 4 Excellent
Velvetleaf 1 to 4 Good
Common lambsquarters b Less than 1.5 Fair
a Excellent = normally 90-100% control; Good = normally 80-90% control; Fair = 
normally 70-80% control.
b Provides partial control/suppression.
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Table 2. Replanting or rotational crops following Beacon
Crop Interval
Field com 2 weeks
Winter wheata 3 months
Alfalfa, com, cotton, 
dry beans, peanuts, 
sorghuma, soybeans,
8 months
sunflowers, and spring 
seeded small grains
All other crops 18 months
a Injury to sorghum or winter wheat rotational crops may occur if dry weather prevails 
during much of the time between Beacon application and seeding.
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Interactions of Accent and Beacon with 
Organophosphate Insecticides
K. Diehl and E. Stoller
The development and introduction of foliar-applied grass herbicides like Accent and Beacon 
will be significant for the management of difficult to control grass weed species in com. The 
use of these products in future weed management programs is imminent, not only because of 
their high degree of efficacy and broad spectmm weed control, but also because of their 
environmental compatibility and low mammalian toxicity. These products, however, have 
shown considerable potential to interact with many currently used products to produce 
significant crop injury.
Interaction, as defined by the dictionary, is a "mutual or reciprocal action or influence." An 
analogy in medicine might be when a doctor asks what medications you are currently taking 
before prescribing another medicine in order to avoid any potential negative effects that 
might ensue when medicines are taken together. When considered in the context of 
agricultural chemicals, an interaction can be defined as the combination of two or more 
pesticides which results in negative, synergistic effects (i.e., crop injury). The concept of 
interactive pesticide combinations, although currently considered a hot topic, is not new. For 
example, a tank mix of Poast and Basagram (postemergence grass and broadleaf herbicides, 
respectively) requires addition of special additives to overcome antagonism.
HERBICIDE INTERACTIONS
Normally, com tolerance to Accent and Beacon is acceptable at application rates of 0.5 oz 
a.i./acre and 16 g a.i./acre, respectively, rates that will provide broad spectrum grass control 
in com up to the 10-leaf stage (the Beacon label states 20 inches). Accent and Beacon can be 
tank mixed safely with Buctril, 2,4-D, and Banvel, and Accent also can be combined with 
Marksman and atrazine to provide broad-spectrum postemergence weed control. However, 
care should be exercised when tank mixing Accent or Beacon with 2,4-D or Banvel because of 
the "window" of application. Both Accent and Beacon have low soil residual properties and 
should be applied after the grass has emerged, whereas 2,4-D and Banvel must be applied early 
to avoid crop injury. Waiting for the optimum application time for Accent and Beacon could 
result in injury caused by late application of 2,4-D and Banvel; optimizing 2,4-D or Banvel 
applications could result in reduced levels of grass control because Accent or Beacon was 
applied too early.
Crop injury can result if either Accent or Beacon is tank mixed with Basagran, Laddock, or 
any organophosphate insecticide, and Beacon can interact negatively with atrazine in a tank 
mix. These interactions may be minimized if the products are applied more than seven days 
apart. Consult labels for specific recommendations.
INSECTICIDE INTERACTIONS
Research conducted at the University of Illinois at two locations in 1990 revealed that 
applications of Beacon or Accent on com treated with a systemic, soil-applied 
organophosphate, such as Counter, will result in crop injury. Com treated with Counter or 
Fortress, both applied in furrow, was sprayed at the 3- or 8-leaf stages of growth with Accent 
at 1.0 or 2.0 oz a.i./acre or with Beacon at 16 or 32 g a.i./acre. Evaluations included visual 
observations at 10 and 21 days after treatment, plant height measurements at 14 and 28 days 
after treatment, and crop yields.
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Plots treated only with Counter or Fortress exhibited no injury, and plots treated with 
Fortress and Accent or Beacon exhibited injury no greater than the level of injury caused by 
each herbicide applied alone (no interaction found). Plots treated with Counter and Accent or 
Beacon, both early postemergence and late postemergence, exhibited significantly greater 
injury than plots treated only with Accent or Beacon. By 10 days after treatment at the 
Agronomy South Farm (5% organic matter), injury levels were 18 to 24% in plots treated with 
both Counter and Accent applied at 1.0 oz a.i./acre or Beacon applied at 16 g a.i./acre. Injury 
levels were 23 to 40% in plots treated with both Counter and the higher (2X) rates of Accent or 
Beacon. Injury levels at the Cruse Farm location (3% organic matter) 10 days after treatment 
were two times higher than injury levels at the Agronomy South Farm. Injury levels at both 
sites did not decrease significantly by 21 days after treatment. Plant height measurements 
were not completely analyzed and yield data were not available for this publication.
Data from our studies and other research indicate that Accent and Beacon interact with 
Counter to produce significant crop injury regardless of the method of applying Counter or the 
timing of herbicide application. Injury occurs in the form of plant stunting, malformed 
leaves, and crooked stalks. The percentage of soil organic matter seems to have an effect on 
the level of injury incurred; lower organic matter soils exhibit the potential for greater crop 
injury. Levels of injury can be enhanced if rainfall occurs just prior to application of Accent 
or Beacon.
Accent and Beacon are very effective, broad spectrum, postemergence grass herbicides that 
control some troublesome weeds. In order to make use of these products and minimize crop 
injury potential, farmers must plan their pesticide programs carefully to maximize their 
efficacy.
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Techniques for Applying Postemergence
Herbicides
L. Bode and R. Wolf
Postemergence herbicides account for approximately 20% of all herbicides used in Illinois for 
com and soybean production. Techniques for foliar spraying are considerably different than 
those traditionally used for soil applied products. In addition, many of the new generation of 
foliar herbicides are highly active and efficacious at extremely low rates, often in ounces or 
grams per acre. The success of a postemergence herbicide depends on the timing and accuracy 
of application and the coverage obtained on the target weed. Weather variables influence the 
amount of spray retained on the weed and the resulting performance of the herbicide.
A  basic understanding of droplet size effects on postemergence herbicides is important when 
selecting techniques for foliar application. The relationship between droplet size and the 
resulting coverage on the target is complex resulting in several common misconceptions 
regarding droplet size and foliar application. For example, it is generally believed that 
applying small droplets at high spray pressures will provide increased control with low 
volumes of spray solution. Research data, as well as a study of particle dynamics, do not 
substantiate this theory. It is true that atomizing a known amount of spray solution into 
smaller droplets will increase the coverage possible, but you must also consider evaporation, 
drift potential, canopy penetration, and deposition characteristics.
Table 1 shows some characteristics of various size droplets. Decreasing the droplet size from 
200 to 20 microns will increase coverage 10 fold , but a 20 micron water droplet will travel 
less than one inch before it completely evaporates in less than 1 second. Droplets less than 
100 microns in size obtain a horizontal trajectory in a very short time and evaporate very 
rapidly. The pesticide in these droplets becomes very small aerosols most of which will not 
fall out until picked up in falling rain. Droplets over 150 microns in size resist evaporation 
much more than smaller droplets due to their larger surface area. From these and other 
research results, we can conclude that there is a rapid decrease in the drift potential of 
droplets as their diameter is increased to about 150 microns in diameter.
Several factors determine if a spray particle will be deposited and captured by the natural 
surfaces of a particular weed. These include: 1) the size and content of the droplets; 2) the size, 
shape, and density of the target; 3) the wind speed and other meteorological conditions; and 4) 
the nature of the deposition surface. In general, the deposition efficiency of droplets on a 
weed surface increases with droplet size and wind speed and decreases as the size of the target 
increases. Very small droplets (less than 50 microns) are collected efficiently by insects or by 
needles on coniferous plants, but because of their small size they tend to remain in the 
airstream. and are carried around stems and leaves of weeds. Medium size droplets that are 
applied when there is some air velocity will deposit more efficiently on stems and narrow 
vertical leaves such as grasses while large droplets will deposit most efficiently on large flat 
surfaces such as broadleaved weeds. In reality, a range of droplet sizes is required to 
effectively deposit spray particles on the variety of weed sizes, shapes, and orientations that 
occur in actual field conditions.
The actual range of droplet sizes needed for effective control of weeds from postemergence 
herbicides depends on the specific herbicide being applied, the kind and size of the target 
weed, and the weather conditions. There have been conflicting reports regarding the ideal 
spray volume, pressure, and nozzle type needed to obtain the most consistent weed control. 
Most of the conflict is due to the large variation in the parameters mentioned above during 
the actual application.
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Considerable research has been done to evaluate the biological performance of several 
postemergence herbicides when applied with a variety of nozzle types. A  general summary 
statement can be made that experimental results to date suggest that any nozzle type that 
produces a droplet size spectrum in the range of 100 to 400 microns does not greatly influence 
biological performance over a range of conditions unless application volumes are extremely 
high or very low. Exceptions to this exist for specific herbicides.
Spray volume can have a major impact on performance of foliar herbicides. As spray volume 
is decreased, the herbicide concentration is increased to maintain the same applied dose of 
active ingredient. Table 2 shows typical results of one of our field studies in which control 
was significantly increased for broadleaved weed contact herbicides while there was very little 
change in weed control for two translocated grass herbicides as the volume increased from 5 
to 20 gallons per acre (GPA). In general, for our studies, which have been conducted for 
several years, a reduction in spray volume caused little difference in biological effect for 
translocated herbicides at a given dose, but it did, however, reduce the control for contact 
herbicides. There are exceptions, and some herbicides do not fall into either category 
consistently due to variations in conditions from year to year. In addition, spray additivites 
greatly affect the effectiveness of foliar herbicides.
Presently there is a renewed interest in reducing spray volume from the commonly used 10 to 
20 GPA to 5 to 10 GPA. A  perception of some applicators is that higher pressure can substitute 
directly for spray volume. Some applicators are increasing spray pressure from a normal 30 
to 40 psi range to 60 to 120 psi while reducing the spray volume by one-half. The idea is to 
"drive" the small particles into the canopy to obtain increased coverage. Our current studies 
do not verify this theory. Table 3 shows the evaporation and deceleration of various size 
droplets as they exit a spray nozzle. A  50 micron droplet will decelerate to its extremely low 
terminal velocity at a distance of 3 inches from the nozzle. Small particles have low 
momentum and insufficient energy to transport them into a plant canopy. Increasing 
pressure cannot be used as a direct substitute for spray volume. Some new air-assist spray 
systems show good potential to allow low volume applications by using air to transport the 
small particles into the plant canopy.
As new research is obtained, new techniques will be developed to more efficiently apply foliar 
herbicides. Studies are underway to measure the air turbulence within com and soybean 
canopies. Results will be used to predict the optimum droplet size spectrum required to 
deposit chemical on various parts of the target plant.
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Table 1. Spray droplet size and its effect on coverage and drift
1 gal/A aDDlication Evan orating water*
Droplet Type of Droplets Coverage relative Lifetime of
diameter droplet per in2 to 1,000 micron droplet Fall
(microns) (no.) drops (sec) distance
5 Dry fog 9,220,000 200 .04 <1
10 1,150,000 100 .2 <1
20 Wet fog 144,000 50 .7 <1
50 9,220 20 4 3
100 Misty rain 1,150 10 16 96
150 342 7 36 480
200 Light rain 144 5 65 1,512
500 9 2 400 >15,000
1,000 Heavy rain 1 1 1,620 »15 ,000
aAir temperature of 86° F and 50% relative humidity
Table 2. Effect of spray volume on foliar application of postemergence herbicides
Spray Velvetleaf Grass Grass
volume control control control
(GPA) (%)a (%)a (%)a
(2.5) 60 db 65 b 72 a
5 80 c 64 b 71 a
10 85 b 64 b 71 a
20 91 a 72 a 69 a
a The % weed control was taken 8 days after each of the three different herbicides was applied.
b Numbers followed by the same letter in a column are not significantly different at the 10% 
level.
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Table 3. Evaporation and deceleration of various size dropletsa
Droplet Term inal Final Time to Deceleration
diameter velocity drop dia. evaporate distance
(microns) (ft/sec) (microns) (sec) (in)
20 .04 7 0.3 >1
50 .25 17 1.8 3
100 .91 33 7 9
150 1.7 50 16 16
200 2.4 67 29 25
Conditions assumed: 90 F, 36% R.H., 25 psi, 3.75% pesticide solution
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Matching Weed Control to Tillage Systems
B. Knake
It is always safe to assume, not that the old way is wrong, but that there may be a better way. 
-----Anonymous
Conservation compliance as well as "coffee shop success stories" have intensified interest in 
reducing tillage. The increased cost of fossil fuel has also provided cause to pause and 
consider less time in the tractor cab. Although continuous no-till is still not very popular, 
many farmers are reducing tillage. Some are rotating tillage with use of some tillage after 
com but little or no tillage for com after soybeans. Then there are those that say that no-till 
soybeans after com is easier than no-till com after beans.
Each farmer decides what tillage system best fits his land, his conservation farm plan, his 
budget, and his own personal desires — which are influenced somewhat by his sense of moral 
responsibility. Fortunately, today's repertoire of herbicides offers the basis for a good weed 
control program to fit nearly any tillage system.
CORN AFTER SOYBEANS
One of the easiest places to reduce tillage is for com after soybeans. Especially with early 
preplant herbicides, there is often no need for a special bumdown treatment. In our research 
we have sometimes designed herbicide treatments to include bumdown, only to find that 
when we get to the field there is nothing to bumdown. But this will vary with the season, 
location in the state, and timing. One of the main early weeds is smartweed, and the triazines 
can provide excellent bumdown. Someone has suggested that Marksman, with Banvel plus 
atrazine, might provide 200 percent control of smartweed. But you can not kill a weed any 
"deader" than dead. Marksman can also be advantageous for control of some perennial weeds. 
To further enhance bumdown with triazines used early preplant, fertilizer solutions or 
various adjuvants can be considered.
Atrazine, simazine, Bladex and combinations such as Extrazine II can provide a foundation 
for no-till com in soybean stubble. Dual or Bicep can strengthen control of grass weeds.
Lasso is a possibility if not applied too early since residual is limited.
For those who prefer incorporation, the herbicides can be applied directly to the soybean 
stubble and incorporated. This would also allow use of herbicides such as Sutan+ and 
Eradicane that have performed well.
Contrary to the common belief that no-till requires more herbicides and higher weed control 
costs, many farmers are verifying what we have learned in research -- that some of the same 
herbicides and rates as used in tilled fields are quite adequate for no-till com after soybeans.
Especially where planting is delayed, bumdown with modest rates of Gramoxone or Roundup 
offer help for those wishing to stay on the no-till track.
Postemergence treatments can also be considered for backup as needed or as a major part of a 
well planned approach. New developments might even allow a total post program. Herbicides 
such as atrazine, Bladex, 2,4-D, Banvel, Buctril-atrazine, Marksman, and Laddock offer good 
help for broadleaf weeds. Accent could offer some interesting possibilities if the price tag is 
"bleached". Combinations such as Accent plus Buctril or Banvel may be worthy of further 
consideration for one shot post treatment if cost of Accent becomes more reasonable.
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SOYBEANS AFTER CORN
Many farmers still prefer to use a chisel plow or at least a disk or field cultivator after corn 
for planting soybeans. Especially on much of the relatively level land of Illinois, this is 
probably not unreasonable. And some tillage does allow incorporation and continued use of 
some of our more effective and economical dinitroaniline herbicides such as Treflan.
However, some farmers as well as researchers are having good success leaving considerable 
com crop residue for no-till soybeans. Many of our current soybean herbicides are well 
adapted to a variety of tillage systems. For no-till soybeans there are four main 
considerations: (1) bumdown of broadleaf weeds; (2) residual or extended control of broadleaf 
weeds; (3) bumdown of grass weeds; (4) residual or extended control of grass weeds.
In our research we have been trying to develop simple, economical systems with as few 
herbicides and trips as possible. We have asked, 'What individual herbicides have both 
preemergence and postemergence activity to provide both bumdown and residual?" Of the 
various herbicides we tried for broadleaf weed control, Preview and Canopy have surfaced as 
having much of what we were looking for. They both contain chlorimuron which is also the 
active ingredient in Classic. But the rate of chlorimuron is several times higher with Preview 
and Canopy than for Classic. In addition, Preview and Canopy contain metribuzin for 
residual control, and metribuzin also has more post activity than most people realize.
In our research, Preview and Canopy have provided very broad spectrum control of most 
annual broadleaf weeds and have even controlled weeds such as "marestail" (horseweed) and 
prickly lettuce that can be problems in no-till. But on the cautious side, Preview and Canopy 
may sometimes have some effect on soybeans. And label guidelines on pH deserve significant 
attention since relatively high pH can definitely accentuate carryover effects the next year on 
crops such as com.
Preview or Canopy may provide some control of grass weeds but addition of a herbicide for 
added strength should be considered. Preemergence herbicides such as Prowl or Dual have 
generally added the needed strength. Or, a subsequent postemergence treatment with Assure, 
Poast, Fusilade, or Option can add grass control in a timely manner.
We have looked for a herbicide that would provide both bumdown and residual control of 
grass weeds. Of the postemergence herbicides for grass control, Select has sometimes provided 
some residual activity, but results have been quite variable. Verdict has shown the greatest 
residual activity, but feasibility would depend on rate, price, and availability. You apparently 
could go to South America to use it under the trade name Gallant but is not registered for use 
in the U.S.
Gramoxone or Roundup are options for bumdown of both broadleaf and grass weeds. 
Herbicides such as Poast can also provide early bumdown of grass weeds; both an early and 
later treatment might be considered as needed. Similarly, postemergence herbicides such as 
Basagran and Blazer, or a combination of the two as Galaxy or Storm, are considerations for 
broadleaf weeds. Other herbicides such as Cobra, Classic, Pinnacle, Scepter and Pursuit may 
also have potential. Use of Touchdown for early bumdown followed by Tornado (Fusilade 
plus Reflex) has looked good in research trials, but Touchdown may not be available for a few 
years, and supply of Tornado has been limited.
The use of 2,4-D ahead of no-till soybeans has been somewhat controversial. Although it is 
included on some labels other than 2,4-D, a tolerance for it in soybeans has not been 
established and such use has not been included on 2,4-D labels. With some of the other
Where weed pressure is not excessive, some no-tillers have reported success with Tandem plus
triazine as the only treatment. And some research suggests added residual strength with an
increased rate of Tandem, but cost would be a factor as would availability.
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options now available, possible use of 2,4-D ahead of soybeans perhaps becomes somewhat 
academic.
NO-TILL CORN IN CLOVER
Where clover has been used for hay, pasture, or set-aside, no-till com can be considered. For 
shallow rooted clovers, the triazines have sometimes been adequate. A  herbicide such as Dual 
can be added to strengthen control of grass weeds. Especially during dry periods, a post 
application of 2,4-D or Banvel can provide additional control of clover if needed.
NO-TILL CORN IN ALFALFA
For deep rooted alfalfa, a translocated herbicide such as 2,4-D or Banvel is needed to move 
down into the roots. Usually a half pint of Banvel plus a pint of 2,4-D (3.8 lb a.e./gal) is 
appropriate. Although either 2,4-D or Banvel may be considered for killing alfalfa, weeds 
usually are present also. While Banvel is better than 2,4-D on some weeds, 2,4-D is better on 
dandelion. Marksman also has generally given good control of clover or alfalfa. Good 
control of alfalfa should not be anticipated with Roundup. However, where perennial grasses 
are present, Roundup can be a major consideration, and preference should be given to fall 
application.
Fortunately, as interest in lo-till and no-till intensifies, we have some exciting new 
possibilities for designing effective and hopefully economical weed control systems. With 
current technology we no longer have to "loosen the soil in the fall and pack it down again in 
the spring".
"For the transgression of a land many are the princes thereof: but by a man of understanding 
and knowledge the state thereof shall be prolonged." —  Proverbs 28:2
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Herbicide Drift Injury to High Value
Ornamentals,
Fruits, and Vegetables
J. Masiunas
Specialty crops, including ornamentals, vegetables, and fruits, are an important part of the 
landscape. They are grown both commercially and by many homeowners in the state of 
Illinois. Several characteristics make specialty crops unique. They generally have a high 
value, with some crops worth more than $20,000 per acre. Another characteristic is that they 
are perishable and are planted at specific times for certain markets. For example, fresh 
market tomatoes are very valuable when ripe in mid June, but they have little value in August 
when many home gardeners have some. The appearance of specialty crops often determines 
their value. An ornamental tree with twisted foliage is unsalable, even if the damage does not 
kill it. Specialty crops are often transplanted early in the spring, before other crops have 
emerged, and this makes them susceptible to drift from early applications of agronomic 
herbicides to nearby fields.
Although many herbicides can drift and injure specialty crops, I will limit my discussion to 
growth regulator (phenoxy and benzoic) herbicides which seem to be the predominate problem 
in Illinois. Stephen Weller at Purdue University has reported that glyphosate tank mixes (i.e., 
Bronco) and imazethapyr (Pursuit) as well as growth regulator herbicides are problems in 
Indiana.
Problems resulting from herbicide drift were especially bad in 1990. In a number of 
instances, the problem could have been avoided if the applicator and specialty crop grower 
had communicated with each other before the application was made. There were also 
instances in which the specialty grower or homeowner asked the applicator to eliminate 
herbicide drift, but their requests were ignored. We also receive complaints from some of the 
same growers year after year; such situations are especially troublesome.
Overall, specialty crops grown in Illinois are extremely sensitive to commonly used growth 
regulator herbicides. Many specialty crop growers are located in areas where the use of 
growth regulator herbicides was common in 1990. Housing developments have also spread 
into traditional farming areas, a situation that causes potential conflicts. To further 
complicate problems, wet conditions in the spring of 1990 resulted in only a few days when 
herbicide applicators could get into fields. This often necessitated herbicide applications 
under windy conditions that were favorable for drift.
Specialty crops can suffer injury caused by growth regulator herbicides in a number of ways. 
Volatilization and drift from formulating and loading areas can occur, injuring susceptible 
plants (Lanphear and Soule 1970). Growth regulator herbicides also can be contaminants of 
irrigation water such as farm ponds (Comes et al. 1984), or they can be spray tank 
contaminants (Derksen 1989). Dicamba has soil activity, and, consequently, late season 
applications can carry over and injure subsequent crops when environmental conditions 
kfhfbh microbial degradation (Burnside and Lavy 1966; Donaldson and Foy 1965; Magnusson 
and Wyse 1987; Smith 1973). But the most common source of injury is caused by drift from 
areas receiving postemergence applications of growth regulator herbicides.
TYPES OF HERBICIDE DRIFT
Two types of drift can occur, spray drift and vapor drift. Spray drift occurs when droplets of 
spray solution are carried from the target area (Nordby and Skuterud 1975). Spray drift is a
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complex phenomenon determined both by spray and environmental parameters. The 
important parameters include droplet size, wind velocity, and the distance of the spray above 
the ground (Schweizer 1978). Nordby and Skuterud (1975) found that under ideal conditions 
with correctly adjusted spray equipment, the total spray drift of aminothiazole to barley was 
1% of the applied spray. Under unfavorable wind conditions, with improper adjustments of 
the sprayer, drift was 37% of the applied spray. The improper sprayer adjustments produced 
small sized droplets which drifted further and caused more severe injury than larger droplets 
produced by proper sprayer adjustments (Hamilton and Arle 1979; Nordby and Skuterud 
1975).
Although spray drift can result in severe crop injury, vapor drift, the movement of a herbicide 
volatilizing after application, causes more problems. In Austria, only 25% of the damage 
complaints were caused by spray drift, whereas 75% were caused by vapor drift (Nordby and 
Skuterud 1975). Volatilization of growth regulator herbicides depends on the vapor pressure 
of the formulated herbicide and the type of surface on which it was deposited (Behrens and 
Lueschen 1979). In field applications to com, Behrens and Lueschen found that the 
dimethylamine salt of dicamba degraded to the free acid which was more volatile. 
Volatilization was further increased by treating larger sized com which had a larger 
evaporative surface and retained more dicamba spray than smaller sized com.
The amount of injury caused by vapor drift of growth regulator herbicides is proportional to 
the herbicide vapor concentration and length of time the susceptible crops are exposed (Breeze 
and West 1987). In a study where potted soybeans were moved into a field of com treated with 
dicamba, injury occurred three days after dicamba application and 400 ft from the site of 
application (Behrens and Lueschen 1979). Thus, injury can occur a substantial time after 
dicamba applications.
SPECIALTY CROP SENSITIVITY TO GROWTH REGULATOR HERBICIDES
Further complicating the problem of drift injury is the extreme sensitivity of many specialty 
crops to growth regulator herbicides. It is impossible to predict which crop species are the 
most susceptible. In early work, Way (1964) reported that the severity of injury caused by 
phenoxy herbicides (2,4-D, 2,4,5-T, MCPA, mescoprop, and 2,3,6-TBA) was not related to the 
botanical family of the crop, the type of crop, its leaf surface area, or its growth habit.
Extensive research on the susceptibility of specialty crops to drift injury has been conducted 
with phenoxy herbicides, in particular 2,4-D, but little research has been conducted with 
benzoic herbicides such as dicamba. Breeze and West (1987) exposed tomato, lettuce, cabbage, 
sunflower, and field bean to 2,4-D butyl concentrations ranging from 3 to 5 ng/1. They 
reported that sunflower and field bean were the species most sensitive to 2,4-D. Other 
researchers have also reported that edible beans are very sensitive to 2,4-D (Sherwood et al. 
1970). Tomatoes are also very sensitive to 2,4-D, whereas lettuce, onions, and cabbage are less 
sensitive (Way 1964; Hemphill and Montgomery 1981; Weigle et al. 1970; Sherwood et al.
1970).
The sensitivity of a plant species to 2,4-D drift depends upon a number of factors. Species 
sensitivity also varies depending on the plant response measured. For example, tomatoes 
were more sensitive to simulated 2,4-D drift than cotton when quick epinastic responses were 
measured, but cotton was more sensitive when the response measured was leaf malformations 
(Mullison 1949). Environmental conditions also determine the severity of injury caused by 
growth regulator herbicides. In greenhouse studies, tomatoes growing under high temperature 
stress were most sensitive to 2,4-D (Weigle et al. 1970).
Plant growth stage is also an important determinant of crop sensitivity to growth regulator 
herbicides. Small plants of spinach, French beans, and cotton were injured more by 2,4-D 
and propanil than large plants (Way 1964; Hurst 1982). Sugar beet and tomato tolerance to 
phenoxy herbicides was associated with growth stage and rate at the time of exposure. For
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example, Schweizer (1978) and Schroeder et al. (1983) reported that 2,4-D damage to sugar beet 
was greater when the plants were exposed at the 4-leaf stage than at the 8-leaf stage.
Similar growth stage responses have occurred with soybeans, cotton, and field beans exposed 
to dicamba. The early bloom stage of the crops was the most sensitive to dicamba (Wax et al. 
1969; Lyon and Wilson 1986; Auch and Arnold 1978; Hamilton and Arle 1979). For example, 
dicamba was 8 times more injurious to soybeans in the bloom stage than in the pre-bloom 
stage (Wax et al. 1969). Soybeans treated at the pre-bloom stage can produce lateral branches 
nearly equivalent to the main stem if the terminal bud is killed, whereas the lateral branches 
will not replace the main stem if the terminal bud is killed after flowering (Wax et al. 1969).
WHAT CAN APPLICATORS DO?
The most important thing that pesticide applicators can do is to prevent pesticide-related 
problems from occurring. Know what crops are growing in your service area and where 
housing developments are located. Communication is also critical. Discuss herbicide options 
with your customers. If your customers are located near specialty crop growers or housing 
developments, avoid using herbicides, such as growth regulators, that can cause injury. 
Discuss your application plans with the specialty crop grower; let him or her know what you 
are applying, where you are applying it, and why. Accompany your sprayer operator to the 
field and discuss how the herbicide is to be applied. Use methods that will reduce herbicide 
drift. Avoid applying herbicides under adverse weather conditions, such as high winds. 
Educate yourself! For example, read and understand the herbicide label and any 
accompanying information. The time that you spend on communication and education will 
avoid costly insurance settlements or lawsuits later.
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Working With Your Local Aerial Applicator
S. Schertz
A  cooperative relationship between local dealers and aerial applicators is mutually beneficial, 
and the use of aerial application has been an effective way of implementing Integrated Pest 
Management (IPM). The spider mite runs of 1983 and 1988, the army worm outbreak in the 
spring of 1989, the European com borer outbreak in 1990, as well as the wet spring of that 
same year, are all graphic reminders that the use of IPM practices often requires an 
application vehicle that is not dependent on surface conditions. The timely use of aerial 
application has had a direct benefit to farmers' profitability and, ultimately, to the dealers’ 
profitability. A  cooperative relationship is dependent on attention to the aerial applicator's 
responsibilities, proper field identification, proper chemical selection, logistical 
coordination, and open communication should a complaint occur.
AERIAL APPLICATOR'S RESPONSIBILITIES
A  dealer would be prudent to ask the aerial applicator for evidence of licensing and insurance. 
The appropriate licensing includes the Federal Aviation Administration Agricultural 
Operating Certificate (FAA 137) and the Illinois Department of Agriculture Applicator 
Certificate. Evidence of drift liability insurance may also be appropriate. The drift insurance 
protects the aerial applicator, but seldom extends to the farmer or dealer. Given the limited 
scope of coverage and low liability coverage limits, it is imperative for all parties involved to 
work together to avoid any potential claim situations.
It is often feast or famine in the aerial application business. Even the best equipped operation 
finds itself short of aircraft and manpower during periods of heavy farmer demand. At such 
times, it is cmcial for the dealer to become closely involved in the coordination and loading 
of aircraft. However helpful the dealer may be, he should realize that the final decision on 
whether or not a field should be sprayed is the ultimate responsibility of the pilot or operator. 
While the dealer may risk upsetting or losing a valued customer, the applicator has the most 
at stake with the possibility of losing his license, aircraft, or livelihood.
FIELD IDENTIFICATION
The preferred map to locate fields is the basic plat book. The field location in a given county, 
township, and section must be marked clearly. The township maps which show land 
ownership, roads, and building sites are the best. Maps showing only land ownership are very 
difficult to use in the aircraft. The plat books are useful for giving the information over the 
phone, either by fax or verbal instructions, including the county, township, section, and 
location of the field within the section. The actual boundaries of the field must also be clearly 
shown. This is not a problem when there is a different crop or a fence line adjacent to the 
field, but when the adjoining crop is the same or only a portion of the field is to be treated, 
flags or other markers must be placed in the appropriate position in the field and clearly 
marked on the map.
The map should also be used to show obstructions, drift concerns, and buildings. Unusual 
obstructions such as towers, cross county wires, and hedge rows may affect the aircraft 
operation in the field.
Potential drift problems arising from the field's proximity to gardens and other sensitive 
crops are everyone’s concern. When this information is conveyed to the applicator before 
spraying, often favorable wind conditions can be found and the field can be completed safely 
and to everyone's satisfaction.
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When possible, it is helpful to have a spray schedule for the full day mapped out and in the 
hands of the applicator before the spraying begins. This enables the applicator to line up the 
fields closest to each other to avoid non-productive ferrying time from field to field. It may 
also give the pilot flexibility to take advantage of changing wind conditions during the day to 
treat the fields with particular drift concerns as the wind allows.
When a dealer knows from experience that a neighbor has a bias against production 
agricultural practices, it is imperative that the aerial applicator be informed. If someone has 
been known to complain about a lime truck or a pick-up sprayer, chances are that the 
individual will dislike the airplane even more. No one likes having the deck stacked against 
him without knowing it. The dealer can help the applicator a great deal by relaying this 
information to him.
COMPLAINT COOPERATION
When there is a complaint to a dealer regarding aerial spraying, remember that the dealer is 
equally involved. Even if the dealer only sold the chemical and did not actually broker the 
plane, he is still involved legally. It is advisable to non-defensively listen to the complaint 
without giving out additional information, determine the nature of the actual complaint 
(nuisance, damage, etc.),and then coordinate a response with the aerial applicator. It hurts all 
parties when the complainant gets the runaround at the dealer level. Such a situation 
increases the possibility of the complainant pursuing legal action. When the dealer gets the 
complaint firsthand, he has the greatest opportunity to resolve the issue before it becomes 
bigger than it ever was in the first place.
CHEMICAL SELECTION
The first question to ask in the selection of a chemical is whether or not the product is 
appropriately labeled for the intended use; just as important, it must be labeled for aerial 
application. If weather forced a job from a ground rig to an airplane, a different product may 
need to be used. Consideration must be given to how appropriate a certain chemical is for the 
job in relation to safety, effectiveness, and cost. It is quite different loading a product into an 
airplane on a hot summer day than into planter boxes on a cool spring day. While a dealer 
may be less than enthused about using a different chemical while his shelves sit full of 
chemicals intended for ground use, many times a more selective product may be effective on 
the pest and less expensive and safer to handle. Packaging of the product needs to correlate to 
the size of the job. When there is a large amount of spraying to do, minibulks, barrels, and 
returnable containers help immensely in keeping the aircraft in the air instead of on the 
ground waiting to be loaded.
LOGISTICAL COORDINATION
When a dealer is involved in loading the aircraft, fittings, usable hoses, and clean water are 
basic necessities. Most aerial applicators have a 2" male or a 2" dry break fitting on the 
aircraft. Thirty to forty feet of hose is needed to load. Many dealers forget that hose length 
which reaches a Big A  is insufficient to make it beyond the length of the aircraft wings. It is 
much more efficient to have a long hose to take to the airplane than to have to move the 
loading trailer or airplane in order to make short hoses work.
Clean water is of even greater concern to the aerial applicator than it is to the ground 
operator. While cross-contamination is an obvious concern to both, dirt and sand are bigger 
problems for the aircraft. Ground applicators may dislike having to stop in the middle of a 
field to clean out a plugged strainer, but at least they have the luxury of being able to fix the 
problem then and there. Pilots are forced to leave the field, return to the landing strip, land, 
and clean the filter before returning to the field.
When the dealer coordinates the spraying to be done, he should let the farmer know when his 
field is to be sprayed, instruct him to stay out of the field while it is being sprayed, and advise
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him of the appropriate re-entry time. Beekeepers also need to be informed of nearby 
insecticide spraying to give them the opportunity to relocate their hives for an appropriate 
time period.
A problem unique to aerial applicators seems to be the attraction that the aircraft draws from 
sightseers, photographers, and the curious. Leaving the field while spraying because someone 
has wandered onto the edge of the field or parked their vehicle in line of spray just to watch is 
a major source of frustration to applicators. Not only is spraying time lost due to circling, but 
the typical ag aircraft costs $300-$650 per hour to operate; therefore, idle time in the air 
translates into increased operating costs and decreased production. This illustrates the 
advantage of having an alternative field to spray - a situation that can be facilitated when the 
maps for the day are given to the pilot in advance.
Dealers can play an important role in servicing their customers’ needs through aerial 
application of crop protection products. Dealers and aerial applicators working together can 
ensure that crop protection chemicals are applied safely and professionally.
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On-Farm Research Trials in Illinois: How
Effective Were the
Reduced Rates of Soil Insecticides for Corn
Rootworm Control?
M. Gray, K. Steffey, and H. Oloumi-Sadeghi
INTRODUCTION
Since the early 1970s, entomologists at several Midwestern universities have evaluated the 
root protection afforded by using less than labeled application rates of soil insecticides for 
com rootworms. A  summary of the results of these trials was presented during last year's 
conference (Gray et al. 1990). Most soil insecticides registered for com rootworm larval 
control are labeled to be applied at 1.0 pound of actual insecticide per acre. This rate was 
established with little regard for the ability of currently grown hybrids to compensate for 
com rootworm injury (Steffey et al. 1989). In addition, the 1.0 pound rate was intended to 
provide root protection at or below a root rating of 3 (several roots eaten off to within 11/2 
inches of plant) on the Iowa 1 to 6 scale (Hills and Peters 1971). Some entomologists 
currently believe the economic injuiy level of 3 is too low and that a root rating of 4 (one node 
of roots completely destroyed) might be more realistic. Achieving a root damage rating of 3 or 
below may not be worth the environmental and economic costs associated with keeping 
insecticide application rates at the 1.0 pound level.
If university research data indicate that less than labeled application rates of soil insecticides 
provide adequate root protection, why hasn't this practice been recommended by extension 
entomologists? This question is especially pertinent if asked within the context of the 
escalating environmental concerns of our society. We have struggled to answer this question 
adequately.
Our primary obstacle against recommending the use of less than labeled rates has been the 
question of legal liability. If a producer uses a soil insecticide at less than the labeled rate for 
com rootworm control, manufacturers of the product will not be held liable for less than 
satisfactory performance of the insecticide. Obviously most farmers are unwilling to take 
this chance. Thus far, insecticide manufacturers have not listed lower rates on their labels, 
obviously not convinced that data from university trials support this initiative. Despite 
supportive data, extension entomologists also have not recommended the use of less than 
labeled rates for com rootworm control. Producers are still waiting for an answer.
A  pivotal question raised by manufacturers concerns the ability of farmers to use less than 
labeled rates effectively. Would root protection on the farm be similar to root protection 
observed in university experiments? More importantly, will farmers accurately calibrate 
their planters to deliver a soil insecticide at a reduced rate and still maintain root protection? 
In order to address these questions, we coordinated 29 on-farm research experiments across 
northern Illinois during the summer of 1990. The project was funded by the Illinois 
Department of Energy and Natural Resources.
This paper will outline the objectives and organizational stmcture of the on-farm project; 
present information about each cooperator’s experiment (e.g., planting date, tillage system, 
com variety, and planter type); present the results of the summer root rating evaluations; 
present our "Position Statement" regarding the use of reduced rates of soil insecticides for 
com rootworm control included in the 1991 F ie ld  a n d  F o ra g e  C ro p  In s e c t  M a n a g e m e n t  G u id e ; 
and describe our plans for continued research in this area.
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PROJECT ORGANIZATION AND OBJECTIVES
Selected county extension advisers initially contacted growers who were willing to participate 
in this project. Twenty-nine farmers volunteered for this project, most typically three 
producers per county. We met with both county extension advisers and volunteer producers on 
March 26 and 27, 1990, in Galesburg and Shabonna, Illinois, respectively. Advisers and 
producers were divided into these two groups so that we could more effectively demonstrate 
how to use the planter calibration equipment. Participating advisers and the counties they 
represented were: David H. Whitson (Dekalb Co.); William F. Whiteside (Kane Co.); John A. 
Church (Kendall Co.); Donald L. Teel (Knox Co.); Robert C. Bellm and Dale L. Baird (LaSalle 
Co.); Rodney D. Grusy (Marshall-Putnam Co.); Thomas J. Piekarski (Mercer Co.); Stanley R. 
Eden (Ogle Co.); James G. McCurdy (Warren Co.); and David C. Feltes (Whiteside Co.).
The following objectives were discussed with the advisers and producers during each of the 
meetings:
1. Evaluate the potential efficacy of reduced rates of soil insecticides registered for 
com rootworms when applied by producers with their own machinery;
2. Educate producers who grow com continuously about the importance of crop 
rotation in the long-term management of com rootworm populations;
3. Teach producers how to calibrate their planters properly before they apply a soil 
insecticide, and stress the importance of safety and proper handling of soil 
insecticides;
4. Educate growers and county extension advisers about establishing replicated field 
experiments so that results can be properly analyzed and understood;
5. Assist in the establishment of a forum in which county extension advisers and 
producers could jointly present the results of their experiments with other 
producers in the county.
CALIBRATION AND EXPERIMENTAL DESIGN
To accomplish the objective regarding insecticide calibration, we took our John Deere Max 
Emerge planter to both meetings so we could demonstrate correct calibration techniques. 
Stationary calibration units, insecticide collection tubes, and stop watches were loaned to 
each of five pairs of county advisers and were used to assist farmers during calibration of 
their own planters. Forms also were given to producers to help them keep a record of the 
calibration procedure (Figure 1). Extension advisers and producers were asked to record the 
planter box insecticide settings and the amount of insecticide collected at each setting for both 
the labeled and reduced application rates. The calibration form provided enough space for at 
least seven trial runs. Producers were encouraged strongly to continue the calibration process 
if the amount of insecticide collected was more than 10% over or under the amount required. 
In addition to the calibration forms, a three page document entitled "Calibration of Planters 
for Delivery of Soil Insecticides" was provided to all project participants.
After the calibration demonstration, we discussed experimental design and the importance of 
randomization and replication of treatments. The considerable variation that can occur in 
field plots was emphasized by working through a problem (provided on a worksheet) that used 
a com variety yield trial as an example. After the worksheet exercise was completed, each 
farmer was given a plot plan. Each plot design included three randomized treatments (labeled 
rate, 3/4 rate, and untreated check) for each of four replications (Figure 2). Although we did 
not request that producers include a treatment at half the labeled rate, four farmers elected to 
include the treatment in addition to the other three. Producers were asked to list their final 
insecticide setting for each planter unit at the bottom of each plot plan.
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It has been assumed that producers are reluctant to become involved with randomized and 
replicated experiments and, consequently, most often opt to conduct simple demonstration 
trials. To the contrary, the farmers and extension advisers involved with this project were 
very receptive to the establishment of randomized and replicated experiments.
PLANTING DATES
The next phase of this project began when the planting season started. Planting dates varied 
considerably among cooperators, ranging from April 25 in Dekalb and Knox counties to May 
24 in Ogle County (Table 1). Of the 29 experiments, 19 were planted during the week of April 
29 to May 6, 1990. Extension advisers and producers worked together in putting out each 
experiment according to the plot plan they had been given at the March planning session. 
Farmers and advisers together completed field plot information forms that included 
important agronomic characteristics of each experimental plot (Figure 3). The most 
important aspect was that each plot area had been planted to com the previous year (1989). 
This was necessary to increase the likelihood of rootworm damage in each trial. Corn 
planted after another crop, especially soybeans, is rarely infested with com  rootworm larvae.
CORN VARIETIES
The 29 producers grew 26 different varieties of com. Only three varieties were planted twice: 
Pioneer 3379, Pioneer 3417, and Wyffels 520 (Table 1). This diversity in hybrid selection 
illustrates one of the important advantages of on-farm research, namely, the ability to 
examine treatment effects under a greater diversity of agronomic circumstances and practices. 
This is especially true when a large number of cooperators are involved in the same type of 
experiment.
PLANTERS USED
Most of the producers used one of two types of planters (Table 1), International Harvester (12 
farmers) and John Deere (14 farmers). Two farmers used Kinze planters and one producer 
used a White planter. Many insecticide efficacy trials conducted by entomologists at 
universities have been planted with John Deere equipment, and this over reliance on one type 
of planter has been criticized. Do planters manufactured by different companies deliver and 
incorporate soil insecticide granules with the same degree of precision and accuracy? Does 
root protection differ appreciably if different planters are used to apply a soil insecticide? If a 
researcher always uses one type of planter, these questions are difficult to answer 
satisfactorily. By cooperating with a large group of farmers, we were able to evaluate the root 
protection afforded by soil insecticides delivered from several types of planters.
INSECTICIDES USED AND RATES APPLIED
We evaluated the performance of five different soil insecticides. The insecticides included in 
the plots and the number of producers who used a particular product were: Counter (15), 
Dyfonate (4), Force (2), Furadan (3), and Lorsban (6). One producer included both Dyfonate and 
Lorsban in his experiment. Three classes of insecticide chemistry were represented in the 
experiments. Counter (terbufos), Dyfonate (fonofos), and Lorsban (chlorpyrifos) are 
organophosphate insecticides and are labeled for application at approximately 1.0 pound of 
actual insecticide per acre for com rootworm control. Furadan (carbofuran) is a carbamate 
and also is labeled for application at approximately 1.0 pound of actual insecticide per acre. 
Force (tefluthrin) is the newest soil insecticide and belongs to the pyrethroid class of 
insecticides. Force is very unique among the soil insecticides and is labeled for application at 
approximately 0.1 pound of actual insecticide per acre.
Some insecticide product labels discuss application rates in terms of the "amount of product 
applied per 1,000 feet of row.” This insures application of a consistent rate of product within 
a row. As a consequence, the actual amount of insecticide applied per acre varies according to
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a producer’s row spacing. The standard application rate of 1.0 pound of actual insecticide per 
acre is based upon 40-inch row spacing. Many producers today grow com in 30-inch rows. A 
farmer who plants com in 30-inch rows and applies 8 ounces of a 15% active formulation 
(e.g., Counter 15G) to every 1,000 feet of row is actually treating the field with 1.3 pounds of 
actual insecticide per acre.
ROOT DAMAGE EVALUATIONS - HOW WERE PLANTS SELECTED?
In mid July we dug root systems from all 29 experiments and evaluated them for rootworm 
injury using the Iowa 1 to 6 damage scale (a total of 4,526 roots). The size of each plot was left 
to the discretion of each grower, so we varied our sample sizes accordingly. For plots that 
were 200 to 475 feet in length, we randomly selected and dug 10 roots in each treatment 
within each replication, taking care to select roots along the entire length of the experiment. 
Seven experiments had very long rows that ranged in length from 475 to 2,560 feet. In those 
fields, we randomly selected and dug 20 roots in each treatment within each replication, again 
sampling the entire length of the experiment. The most common treatment length for a plot 
was between 200 and 500 feet. Treatment width was dependent upon planter size and ranged 
from four to eight rows, the former being most common.
In standard university insecticide efficacy trials, soil insecticide treatments typically are 
applied to single rows that are 50 to 100 feet long. Five roots are dug from each treatment 
within each replication. Because of the shorter treatment length, and consequently less 
variation in rootworm densities, variation in root damage is usually less in university 
efficacy trials than it is in large-scale farm trials. Smaller trials with less variability allow 
university researchers to sample fewer root systems and still analyze insecticide performance 
satisfactorily. Due to the large size of these on-farm experiments, and, therefore, greater 
variation in rootworm densities across fields, we had to dig more roots within each 
treatment.
Roots that were dug from plots in Knox, Marshall-Putnam, Mercer, Warren, and Whiteside 
counties from July 16 to 18 were taken to the Northwestern Illinois Agricultural Research and 
Demonstration Center near Monmouth where they were washed and rated for rootworm 
damage. Producers and extension advisers were invited to participate in each of the "root 
digs" and were encouraged to visit the research center on July 18 to get a first-hand look at the 
roots from their fields. This was also an opportunity to learn more about management 
techniques for com rootworms.
Roots that were dug from plots in Dekalb, Kane, Kendall, LaSalle, and Ogle counties from July 
23 to July 25 were taken to the Northern Illinois Agronomy Research Center near Shabbona 
where they were washed and rated for injury. Producers and extension advisers were invited 
to participate in the root digs and asked to spend some time at the research center on July 25 
in order to leam more about the project and rootworm management.
ROOT DAMAGE EVALUATIONS - THE RESULTS
C o u n te r  fte rb u fo s )
Slightly more than one-half of the farmers (15) used Counter, so this insecticide was evaluated 
over a wider range of conditions than the other products. Of the 15 plots to which Counter 
was applied, 11 had root damage at or above a root rating of 3 in the untreated check (several 
roots eaten olf to within 11/2 inches of plant) (Figure 4). Four plots did not have sufficient 
rootworm damage and were not considered adequate tests for estimating the efficacy of 
Counter applied at reduced rates.
In 9 of 11 experiments in which roots from the untreated check had damage at or above a 
rating of 3, average root ratings in plots treated with the reduced rate of Counter were not 
statistically different from average root ratings in plots treated with the labeled rate.
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In one (farmer no. 22, Ogle County, Figure 4) of the two experiments in which statistical 
differences in average root ratings occurred between the reduced and labeled application rates, 
the use of both rates of Counter resulted in root damage below a rating of 2. A  rating of 2 
indicates that very little root injury occurred and no root pruning was evident. This 
illustrates the importance of distinguishing between "biological significance" and "statistical 
significance." Biologically, no meaningful differences in root damage occurred between the 
two application rates of Counter in this experiment.
The only other trial in which statistical differences in root damage occurred between the 
reduced and labeled application rates of Counter was in Kendall County (farmer no. 10). Root 
damage was statistically lower in plots that had been treated with the labeled rate of Counter 
than in plots that had been treated with the reduced rate. However, even the labeled rate of 
Counter failed to keep root damage below a rating of 3.
For all trials, both application rates of Counter typically kept root damage at or below a 
rating of 3. However, in one trial (farmer no. 2), roots were heavily damaged (root rating of 4) 
regardless of application rate. These data imply that if root protection in a given field is not 
adequate when a reduced rate of Counter is used, use of the labeled rate may also provide less 
than satisfactory root protection in the same field.
Dufonate (fonofos}
Dyfonate was applied by only four producers. Unfortunately, only one of these four trials had 
enough root damage in the untreated check to make a valid comparison between the 
treatments (farmer no. 26, Figure 4). In this experiment the average root rating in the plot 
treated with the reduced rate was not statistically different from the average root rating in the 
plot treated with the labeled rate. Although roots from this Warren County field averaged 3.0 
in the untreated check, this level of damage, particularly from a single field, does not allow us 
to draw any firm conclusions regarding the performance of Dyfonate when applied at reduced 
rates.
F o r c e  ( te flu th r in )
Force was applied by only two producers, one in Dekalb County (farmer no. 1, Figure 4), the 
other in Kane County (farmer no. 6). This pyrethroid insecticide is recommended for 
application at approximately 0.1 pound of actual insecticide per acre, a rate far lower than 
any other currently registered soil insecticide. No statistical difference in root damage 
occurred between the labeled and reduced application rates at either location. The average root 
rating in the untreated check in both experiments was at least 4 (one node of roots completely 
destroyed) on the root damage scale. These data indicate that Force applied at 3/4 the labeled 
rate protected roots as well as Force applied at the labeled rate, even under moderately heavy 
rootworm pressure. Because Force was used in only two locations, additional data are 
necessaiy before any final conclusions are made with respect to the efficacy of reduced 
application rates of this product.
F u r a d a n  (c a rb o fu ra n )
Three farmers used Furadan (farmer no. 3, 5, and 17, Figure 4). Farmer number 3 (Dekalb 
County) did not have enough rootworm damage in his field to provide an adequate challenge 
for the reduced application rate. No statistical difference in root damage was detected between 
labeled and reduced rates of Furadan in the other two experiments. In Kane County (no. 5), 
both application rates of Furadan kept root damage below a rating of 2 (slight feeding damage, 
no root pruning). In Marshall County (no. 17), although no statistical difference in average 
root ratings was found between the application rates, the labeled rate of Furadan kept root 
damage below a rating of 3, whereas the reduced rate did not.
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L o r s b a n  ( c h lo rp u r ifo s )
Lorsban was applied in six trials (farmer no. 7, 11, 18, 19, 21, and 24, Figure 4). Two 
experiments, one in Knox County (no. 11) and the other in Marshall County (no. 18), did not 
have sufficient rootworm damage to test the effectiveness of Lorsban applied at reduced rates. 
Root damage did not statistically differ between plots treated with the labeled and reduced 
application rates in Kane (no. 7), Marshall (no. 19), Ogle (no. 21), and Warren (no. 24) counties. 
With the exception of Kane County, reduced rates of Lorsban kept root damage below a rating 
of 3 in each county. In Kane County, where damage in the untreated check was greatest (2 
nodes of roots completely destroyed), root injury averaged above a rating of 3 regardless of 
application rate.
POSITION STATEMENT ON THE USE OF REDUCED RATES OF SOIL INSECTICIDES FOR 
CORN ROOTWORM CONTROL
The results from these on-farm experiments, as well as results from many university 
insecticide efficacy trials, have prompted extension entomologists at the University of Illinois 
to include in our F ie ld  a n d  F o ra g e  C ro p  In s e c t  M a n a g e m e n t  G u id e lin e s  the following position 
statement regarding the use of reduced rates of soil insecticides for control of com rootworms.
P o s it io n  S ta te m e n t
"Identifying optimum application rates for soil insecticides used to control com rootworms is 
important for several reasons: to reduce the overall risk of environmental contamination; to 
drecrease potentially adverse effects on nontarget organisms; to reduce the number of times 
producers must handle insecticides; and to eliminate costs associated with unnecessarily high 
rates of application. The current application rate for most com rootworm soil insecticides is 
approximately 1.0 pound of actual insecticide per acre. Labeled rates were established, in part, 
to account for both the lack of precision when farmers calibrate and the diversity in soil 
types and conditions. This implies that producers do not carefully calibrate their planters and 
that variable environmental and soil conditions could have a significant effect on the 
performance of soil insecticides applied at different rates. As a consequence, labeled 
application rates of soil insecticides have built-in "insurance" to accommodate sloppy 
calibration and variable environmental and soil conditions.
"In 1990, extension entomologists at the University of Illinois initiated an extensive on-farm 
research program (29 farms) to examine the effectiveness of both labeled and reduced 
application rates of soil insecticides for com rootworm control. Cooperating producers 
applied the product of their choice at both the labeled rate and lower than labeled rate, and 
they included an untreated check in the randomized and replicated experiment. Most of the 
cooperators reduced their application rate by 25 percent.
'The results of the root rating evaluations were clear: reduced rates of the soil insecticides 
provided protection of the root systems equivalent to that provided by the labeled rate. In 
addition to the on-farm trials in Illinois in 1990, university research trials conducted for 
many years in several Midwestern states have demonstrated that reduced rates of soil 
insecticides compare very favorably with labeled rates.
"Despite these promising results, extension entomologists are not yet recommending the 
application of reduced rates of soil insecticides for com rootworm control. We need to 
conduct additional on-farm experiments to determine if our results are repeatable under 
another year's environmental conditions. We intend to pursue this research aggressively and 
expect to draw some conclusions by the end of the 1991 growing season.
"If producers are interested in trying reduced rates of soil insecticides for rootworm control in 
1991, we stress the following:
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1. Maintain equipment and calibrate planters precisely to deliver soil insecticides at 
the targeted rate;
2. Do not reduce application rate by more than 25 percent of the labeled rate;
3. Try reduced rates of soil insecticides on only a small percentage of the total 
acreage in a field;
4. Leave a small area of the field untreated to serve as a check.
"Producers who experiment with reduced rates of soil insecticides for com rootworm control 
in 1991 are solely responsible for the performance of the product. Insecticide manufacturers 
are under no legal obligation to compensate a grower for crop loss if a producer applies a soil 
insecticide at a less than labeled rate."
OUTLOOK AND FUTURE PLANS
We intend to harvest each of the 29 experiments during the fall of 1990. In addition, we will 
submit another proposal to the Department of Energy and Natural Resources for additional 
funding through 1991. We believe it is absolutely essential to conduct these on-farm trials for 
at least one more growing season. At the conclusion of the 1991 season we hope to make our 
final recommendation on the use of reduced rates of soil insecticides for com rootworm 
control.
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Table 1. Plot and equipment information for each cooperator
Treatment
Cooperator 
no. and 
county
Planting
date
Corn
variety
Tillage
system
length and 
no. roots 
evaluated3
Planter
typeb
1
Dekalb
4/29/90 Dekalb
535
Fall chisel, 
spring soil 
finisher
250 feet 
10 roots
IH 800 
(8 rows)
2
Dekalb
4/25/90 Hughes
5870
Fall chisel, 
spring soil 
finisher
225 feet 
10 roots
JD 7000 
(12 rows)
3
Dekalb
5/1/90 Hughes
5777
Ridge till 200 feet 
10 roots
JD 7000 
(12 rows)
4
Kane
5/23/90 Great 
Lakes 541
Ridge till 275 feet 
10 roots
IH 800 
(12 rows)
5
Kane
4/26/90 Great 
Lakes 590
Fall chisel 
and disc, 
spring field 
cultivator
450 feet 
20 roots
IH 800 
(12 rows)
6
Kane
5/2/90 Garst
8574
Fall chisel 
spring disc 
and field 
cultivator
242 feet 
10 roots
IH 800 
(6 rows)
7
Kane
4/29/90 Super
Crost
4366
Fall plow, 
spring field 
cultivator
200 feet 
10 roots
JD 7200 
(12 rows)
8
Kendall
5/9/90 Wyffels
520
Spring plow 
and soil 
finisher
223 feet 
10 roots
IH 800 
(12 rows)
9
Kendall
5/1/90 Wyffels
520
Fall chisel, 
spring soil 
finisher
300 feet 
10 roots
White 5100 
(12 rows)
10
Kendall
5/1/90 Pioneer
3379
Fall chisel, 
spring disc 
and field 
cultivator
330 feet 
10 roots
IH 900 
(6 rows)
11
Knox
4/25/90 Munson
218
Fall chisel, 
spring field 
cultivator and
500 feet 
10 roots
JD 7000 
(8 rows)
soil finisher
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Table 1 (continued). Plot and equipment information for each cooperator
Cooperator 
no. and 
county
Planting
date
Corn
variety
Tillage
system
Treatment 
length and 
no. roots 
evaluated*1
Planter
typeb
12
Knox
4/30/90 Wyffels
59
Ridge till 500 feet 
10 roots
Kinze 
(12 rows)
13
Knox
5/2/90 Dekalb
612
Fall chisel, 
spring soil 
finisher
500 feet 
10 roots
IH
(12 rows)
14
LaSalle
5/1/90 Super
Crost
4386
Fall plow, 
spring disc 
and field 
cultivator
250 feet 
10 roots
JD 7000 
(8 rows)
15
LaSalle
5/2/90 Pioneer
3417
Fall plow, 
spring field 
cultivator
443 feet 
10 roots
JD 7000 
(8 rows)
16
LaSalle
5/3/90 Cheeseman
533
Fall V-ripper, 
spring disc 
and field 
cultivator
250 feet 
10 roots
JD 7000 
(16 rows)
17
Marshall-
Putnam
5/3/90 Wyffels
670
Fall plow, 
spring field 
cultivator
1230 feet 
20 roots
IH 800 
(6 rows)
18
Marshall-
Putnam
5/1/90 Pioneer
3417
Fall plow, 
spring soil 
finisher
300 feet 
10 roots
Kinze 
(12 rows)
19
Marshall-
Putnam
5/2/90 Noble
422
Fall chisel 
and disc, 
spring disc 
and soil 
finisher
1320 feet 
20 roots
IH 800 
(8 rows)
20
Mercer
5/2/90 Moews
4975
Fall plow, 
spring soil 
finisher
200 feet 
10 roots
JD M.E. 
(16 rows)
21
Ogle
4/27/90 Agripro
525
No-till 200 feet 
10 roots
JD 7000 
(8 rows)
22
Ogle
5/24/90 North rup
King
NG560
Fall chisel, 
spring field 
cultivator
272 feet 
10 roots
JD 7000 
(12 rows)
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Table 1 (continued). Plot and equipment information for each cooperator
Cooperator 
no. and 
county
Planting
date
Corn
variety
Tillage
system
Treatment 
length and 
no. roots 
evaluated3
Planter
typeb
23
Ogle
5/23/90 Garst
8532
Fall plow, 
spring soil 
finisher
200 feet 
10 roots
JD 7200 
(12 rows)
24
Warren
5/2/90 Dekalb
636
No-till 230 feet 
10 roots
JD 7200 
(8 rows)
25
Warren
4/26/90 Asgrow 
RX 746
Fall paraplow 
and disc, 
spring field 
cultivator
1124 feet 
20 roots
IH 800
(12 rows)
26
Warren
4/29/90 Pioneer
3379
Fall plow, 
spring field 
cultivator
475 feet 
20 roots
IH 800 
(8 rows)
27
Whiteside
5/3/90 Pioneer
3615
Fall chisel, 
spring disc
640 feet 
10 roots
IH 900 
(6 rows)
28
Whiteside
5/2/90 Asgrow
626
Fall chisel, 
spring disc
1320 feet 
20 roots
JD 7000 
(6 rows)
29
Whiteside
5/4/90 Pfister
3380
Fall chisel, 
spring disc
2560 feet 
20 roots
JD 7000 
(6 rows)
a Number of roots evaluated in each treatment in each replication 
b IH = International Harvester; JD = John Deere
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Sample Calibration Form
Planter Amount
unit to be collected
#1 8 oz.
6 oz.
#2 8 oz.
6 oz.
#3 8 oz.
6 oz.
#4
8 oz.
6 oz.
Setting/Amount collected
1st run 2nd run 3rd run 4th run 5th run 6th run 7th run
Figure 1. Calibration form used to assist producers and advisers. Within each square, 
producers recorded the planter unit insecticide settings (above diagonal line) 
and the amount of insecticide delivered (below diagonal line) for each rate.
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Please indicate North somewhere on the map.
Rep 1 Rep 2 Rep 3 Rep 4
Planter unit: 
3/4 rate
Full rate
#1 #2 #3 #4 #5 #6 #7 #8
Planter unit: 
3/4 rale
Full rate
#9 #10 #11 #12 #13 #14 #15 #16
Figure 2. Experiment plot plans given to each farmer.
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Field Plot Information Form
Reduced Rates of Soil Insecticides for Corn Rootworm Control
1990
Cooperator's Name _____ __________________ _________________________
Cooperator's Address ______________________________________________
County Adviser's Name ---------------------------- ------—-------------------------------------------------------
County _______ ______________________________________ _
(Please provide exact location of plot on back side of this form.)
Planting date ________________________ _ Corn variety________________ _______
Row width _____________________________ Plant population-----------------------------------
Tillage: Fall ___ _______________________________ ____________________________ _—
Spring ------------ _ ---------------------------------- --------------------------------------------------- —
Herbicides (inc. rates) ___ ___________________ ___ _______________________________
Fertilizer (inc. rates) -------------- -----------------------------— ------------------------------------------------
Field History
1989 1988 1987 1986 1985
C r o p ___________________________________________________
In s e c t ic id e ___________________________________________________
Figure 3. Plot information form given to each farmer and returned to extension 
entomologists and advisers after planting.
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Insecticide used:
Type of planter used: ___
No. of rows on planter: 
Width of each treatment: .
Length of each treatment: .
Soil conditions at planting:
(No. of rows)
(Feet)
Weather conditions at planting:
Specific directions to the plot:
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Reducing Herbicide Inputs
M. McGlamery
Weed control is an essential part of crop production practices. How can weed control inputs 
(cost and amount) be reduced? Fine tuning the control program to use lower rates of a 
herbicide or using herbicides of higher specific activity will reduce the amount of chemical 
applied (chemical load) but may not change the cost.
Rate reductions are possible with accurate rate selection and timely application. However, 
application rates for most herbicides have been determined by multi-year testing to evaluate 
the effect of climatic and genetic differences. Many farmers have already shaved herbicide 
rates based on their own observations. If you reduce the rate below the label rate, you bear the 
responsibility for unsatisfactory performance.
Rates for soil applied herbicides vary with soil texture and organic matter content. Organic 
matter sensors are being tested so variable rate sprayers could allow rate adjustment for 
variable organic matter in a field. Higher rates may be specified on the label for dense weed 
populations, early preplant application, or less than ideal environmental or plant conditions 
while lower rates may be specified for susceptible weeds or in tank-mix combinations.
Herbicides used in combination often allow use of 60 to 75 percent of single use rates. Besides 
reducing the rate of each component, herbicide combinations can help reduce the potential for 
crop injury, carryover, or potential for herbicide resistance, but they may increase cost. Split 
applications may allow rate reductions, but they require more trips.
The use of postemergence herbicides allows you to determine the weed problem and verify 
intensity before application. Thus, the weed control program can be adapted to the problem. 
Foliar applied herbicides are little affected by soil conditions and do not need incorporation. 
However, performance is modified by temperature, humidity, and spray adjuvants. High 
temperature and humidity may allow the use of a lower rate. Weeds which have developed 
under dry conditions may require a higher rate. Rainfall too soon after application may 
decrease performance.
The addition of certain adjuvants may allow the use of a lower rate of postemergence 
herbicides. These rates must be determined by experience depending upon the weed species 
and size, the climatic conditions, and the spray adjuvant used. Crop oil concentrate (COC) 
may be specified for one weed species while urea-ammonium nitrate (UAN) may be specified 
for another.
Rates for foliar applied (postemergence) herbicides vary with the weed specie and size. Early 
application - when weeds are small - may allow the use of a lower rate while delayed 
application may require a higher rate. Most postemergence herbicides have little soil activity 
and, therefore, only weeds that have emerged at the time of application will be controlled. 
Narrow row soybeans require early application since "understoiy" (under the crop) weeds must 
have adequate spray coverage. Canopy closure occurs sooner with narrow rows, so length of 
control is of less concern.
Reducing the treated area with over-the-row bands or spot treatment can reduce herbicide 
input. Banded herbicides can control weeds in the row while cultivation controls weeds 
between the rows. Ridge tillage systems fit a banded herbicide plus cultivation program. 
Unfortunately, most postemergence herbicide labels specify not to cultivate before, during, or 
until several days after application. Thus banded herbicide application and cultivation 
cannot be combined into one operation.
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Weed infestations are often irregular. Scouting and spot treatment with postemergence 
herbicides allow a reduction in cost and amount of herbicide applied. "Bean buggies" allow 
you to spot treat localized infestations of weeds. Rope wick applicators can treat localized 
weed infestations which overtop rowed soybeans.
Weed control costs can sometimes be reduced by using a different herbicide which is less 
expensive, but such a procedure may present greater risks. 2,4-D costs less than Banvel, but 
the liklihood of com  injury is greater with 2,4-D. Atrazine is less expensive than Bladex, but 
the liklihood of carryover is greater with Atrazine. Treflan costs less than Lasso, but must be 
incorporated. Cannon (Lasso + Treflan) costs less than Lasso.
Extra trips over a field cost time, fuel, and equipment wear. Single pass incorporation may be 
adequate if soil conditions are ideal. Split applications may be more effective but may 
require more trips over the field.
Finally, factors other than yield reduction often play a role in weed control programs. Low 
populations of weeds may not cause a yield reduction, but some landlords believe the degree of 
weed control indicates a farmer's management level. Moreover, such weed control may be 
justified if it prevents the spread or establishment of new weed problems or reduces harvest 
problems.
In summary, to reduce herbicide inputs in a weed control program you must know your soil, 
weed problem, herbicide, and equipment. Fine tuning is possible only if you truly know your 
situation. Weed control decisions must be based on accurate knowledge and not on supposition 
or superstition.
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Why Does Weed Identification Matter?
D. Anderson
Paper not submitted.
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Bacterial Diseases Of Field Crops In 1990
S. Ries
The spring and early summer of 1990 were two of the wettest in several years with all of 
Illinois recording above average rainfall. This excess moisture provided an ideal 
environment for the development of bacterial diseases of field crops, i.e., wheat, com, and 
soybeans. The purpose of this report is to provide information as to why bacterial diseases 
were so prevalent last year, to describe specific diseases which were particularly severe, and to 
assess the economic losses resulting from these outbreaks.
Bacteria are small, single cell, non-sporeforming microorganisms which reproduce rapidly by 
simply dividing into two organisms every few hours. This very short generation time allows 
numbers of cells to rapidly increase to millions of progeny within 2 days. Since a single 
bacterial cell can initiate an infection under appropriate environmental conditions, it is 
easily understandable why bacterial diseases can become serious epidemics on susceptible 
crops. The environmental conditions which favor bacterial diseases are moderate 
temperatures and excessive amounts of moisture (rain and/or dew). Free water is critical to 
the survival of bacteria because in its absence, bacterial cells rapidly dehydrate and die. In 
the presence of water, bacteria are transported over considerable distances to healthy plants. 
They then multiply on plant surfaces and infect plants through wounds, stomates, lenticles, 
hydathodes, or other plant opening. Bright sunny days are detrimental to survival because 
ultraviolet irradiation rapidly kills cells. Therefore, bacterial survival and severity of the 
diseases they cause are influenced by environmental conditions which favor their growth.
In 1990, several bacterial diseases of agronomic crops were observed. On wheat two new 
diseases to Illinois were identified: Bacterial mosaic caused by Clavibacter michiganensis pv. 
nebraskensis and Bacterial Leaf Blight caused by Pseudomonas syringae pv syringae. On com 
a rarely observed disease (Holcus spot, caused by Pseudomonas syringae pv syringae) was seen 
as was Stewart's wilt (caused by Erwinia stewartii) were seen. On soybean both Bacterial 
blight caused by Pseudomonas syringae pv glycinea and Bacterial pustule (Xanthomonas 
campestris pv. glycines were commonly observed.
WHEAT
B a c te r ia l  M o s a ic
This disease, initially described in Nebraska in 1976, has gradually expanded its range to 
surrounding states. In 1990, it made its first appearance in Gallatin and Clay counties 
although it was probably present throughout much of the wheat production area of the state. 
The bacterium causes small yellow spots generally along the leaf midrib. The spots coalesce 
forming streaks which turn tan to dark brown. This pattern of streaks and spots resembles 
virus "mosaic" symptoms.
The disease is not known to have a serious impact on yield, and varietal resistance in wheat 
is not known. No control measures are warranted.
B a c te r ia l  L e a f  B lia h t
This disease, first described on wheat in 1972 in South Dakota, has been observed on com 
and sorghum for a long time. The bacterium is an extremely common organism with many 
strains or races which parasitize numerous herbaceous and woody plants. Symptoms on 
wheat mimic physiological leaf spot. Blight begins on the uppermost leaves as plants 
approach the boot stage. Initial water-soaked spots progress from necrotic to gray-green or 
even tan-white streaks or blotches. Entire leaves may become necrotic. Yield losses have not 
been quantified, but foliage destmction may approach 50%. Leaf blight is always associated
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CORN
H o lc u s  S p o t
This com disease was observed in Illinois in 1990. First described in Iowa in 1926, it is 
rarely seen and never causes economic loss. Round to elliptical spots approximately one to 
five tenths inch in diameter occur toward the tips of lower leaves. Initially dark green and 
water-soaked, lesions become creamy white to tan eventually drying and turning brown with 
red to brown margins. Large lesions may be surrounded by a yellow halo.
This bacterium also is favored by rainy, windy weather especially early in the season. Like 
most bacterial pathogens, it enters through stomata or wounds. The Holcus Spot bacterium is 
closely related to a large grouping of bacteria which causes disease in several grasses 
including foxtail millet, pearl millet, broomcom, Johnson grass, Sudangrass, and wheat (see 
Bacterial Leaf Blight-above).
S te w a r t 's  B a c te r ia l  W ilt
Stewart's Bacterial Wilt is a common and extremely serious disease of sweet and dent corn. 
Infected, susceptible, sweet com hybrids rapidly wilt and may die. Leaves develop long, 
linear, pale green to yellow streaks with wavy margins that may extend the length of the leaf 
blade. These streaks dry and turn brown. The bacterium invades the vascular system causing 
the plant to wilt.
Field com is not as susceptible as sweet com, but some inbreds and hybrids are very 
susceptible. Irregular (wavy) pale green to yellow streaks on the leaves after tasseling are 
known as the leaf-blight or late-infection stage. These streaks originate from com flea beetle 
feeding punctures. Due to considerable leaf injuiy, yield is reduced and plants are predisposed 
to stalk rots.
The causative organism, Erwinia stewartii, is vectored by many insects including the corn 
flea beetle, both adult and larvae of the twelve spotted cucumber beetle, the toothed flea beetle, 
larvae of the seed corn maggot, the wheat wireworm, and the May beetle. Only the com flea 
beetle is known to be important in overwintering and in the dissemination of the bacterium.
A  close relationship exists between the com flea beetle and the bacterium. Winter survival of 
the beetle is essential for disease development. If the beetle dies during the winter or is killed 
prior to feeding the following spring, Stewarts wilt will not occur. Beetle survival is strongly 
influenced by winter severity with a very cold winter killing beetles. Therefore, disease 
forecasting is based on the sum of the mean temperatures for December, January, and 
February. In mild winters (sum of mean temperatures above 98-100°F), large numbers of 
beetles survive, and they spread bacteria. Cold temperatures (sum of mean temperatures below 
90°F) reduce beetle populations thereby limiting disease development.
Stewart's wilt is best controlled by using resistant hybrids and/or by application of 
insecticides to kill com  flea beetles which survive a mild winter.
SOYBEAN
B a c te r ia l  B l ia h t
This bacterial disease is distributed wherever soybeans are grown. It is the most common 
bacterial disease of soybean and is favored by cool wet periods early in the growing season. 
Although symptoms are frequently dramatic, actual yield loss is generally considered to be
with wet, cool spring weather. P. syringae is spread by wind-driven rain and enters through
wounds and stomates. Resistance has been identified in certain cultivars, but in Illinois
resistant varieties have not been used because of the rare occurrence of this disease.
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minor. Lesions form on stems, petioles, and pods but are most obvious on leaves. Lesions are 
initially small, angular, water-soaked, yellow to light brown spots which gradually dry out 
turning brown to black; they are surrounded by a yellowish green halo. Lesions spread and 
enlarge during periods of favorable weather and produce large irregular dead areas which tear 
or tatter giving leaves a ragged appearance. Defoliation of lower leaves can occur.
The bacterium is spread during windy rainstorms. It exists epiphytically on leaf, stem, and 
bud surfaces. With each additional rain or dew, the bacterium enters stomates or wounds 
where it multiplies within intracellular mesophyll producing enzymes and toxins and, 
ultimately, lesions. Cool, rainy weather favors disease development.
This disease is seedbome and also overwinters in crop residue. Resistant cultivars offer the 
best method of control.
B a c te r ia l  P u s tu le
Bacterial pustule is found in nearly all soybean growing areas of the world. Early symptoms 
are small pale green spots with elevated centers on either upper or lower leaf surfaces. A  
small, raised, light colored pustule gradually forms in the center of lesion on underleaf 
surfaces. Minute lesions coalesce to form large, irregular, mottled brown areas which tear 
free from healthy leaf tissue during strong winds. Severe infection can result in some 
defoliation. Pustule symptoms resemble bacterial blight (above), but usually have small 
raised pustules in lesion centers. The pustule bacterium is favored by warmer summer 
temperatures than is the blight organism. Therefore, in wet years (i.e., 1990), blight is 
common until early- to mid-summer; then, as temperatures approach 80°F, pustule disease 
becomes increasingly important.
The pustule bacterium is seedbome and also overseasons in crop residue. Control is best 
obtained by using resistant cultivars.
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Corn Earworms and Seed Corn Production
R. Randell
Com earworm damage is often observed during seed com harvest, but damage during some 
years is much more severe than in others. Damage was especially heavy to harvested seed 
com in 1965, 1984, and 1989. During 1990 the damage was moderate in some untreated fields 
in the central part of the state and slight or absent in the northern one third of the state.
The biology of the com earworm is often confusing because much of the information written 
about this insect assumes it does not overwinter as far north as Illinois. Trap catches 
indicate that in some years earworms do indeed successfully overwinter as pupae. Surviving 
pupae emerge as yellowish-brown moths in June in southern and central Illinois and in early 
July in northern counties. Adults mate and lay eggs on fresh silks of sweet, field, and seed 
com about one week after the moths emerge. Egg hatch is temperature dependent. Daytime 
temperatures of 90°F or higher in late June, July, and August will initiate egg hatch in two 
days. The larvae enter the silk channel within an hour after egg hatch. The young earworm 
remains in the ear, usually on the ear tip, for about 14 days. It then chews through the husk 
and drops to the soil to pupate, spending two weeks in this stage in the soil. Another 
generation begins with the emergence of moths in late July and early August.
The second generation of earworm egg laying, egg hatch, and young worms entering the silk 
channel of seed com  is of utmost concern to seed com producers. Seed lines such as B73 and 
its "relatives" seem to be very susceptible to egg laying and worm damage at or soon after fresh 
silk.
In addition to the two generations that occur almost every season, there is a migration flight 
of com earworms from the Gulf States. These moths (also called cotton bollworms) are often 
blown into the midwest by the remnants of hurricanes moving out of the Gulf of Mexico. Very 
little migration activity occurred in 1990.
There are effective trapping methods for monitoring com earworm moth emergence as well as 
its migration into the state. The pheromone bait, Zealure, supplied by Hereon Laboratories, is 
a very effective attractant of male earworm adults. However, the typical wing, tent, and delta 
traps that are made of cardboard and used for trapping many other insect species are not 
successful in trapping com earworms. Both the Heliothis nylon cone trap and Texas wire 
cone trap baited with pheromone are very effective.
Com earworms have been trapped successfully in Illinois with cone traps baited with 
pheromone since 1983. During these eight years, the number of reporting cooperators has 
increased to about 40, and other seed producers are also using the Hereon lure and either a 
nylon or wire cone trap to monitor earworm activity.
The magnitude of com earworm populations in July and early August during pollination and 
ear development is important to seed com producers. Trap counts for the six-week period of 
July 3 to August 15 in three locations show the year-to-year variations (Table 1).
The number of com earworm moths that were captured varied among locations for each of the 
three years. Migration in early August of both 1988 and 1989 increased counts in the 
northern traps. High second generation counts were observed in 1989 in central and north- 
central parts of the state. Much ear damage was reported in these areas by seed com 
producers.
Decision making about when to control com earworms has been a major concern to seed com 
fieldmen. Successful control of a high percentage of earworms depends upon application of an
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effective treatment when eggs are being laid on fresh silks, and then repeating the treatment if 
eggs continue to be laid.
Effective insecticides for controlling com earworms include esfenvalerate (Asana), 
permethrin (Ambush, Pounce), and methomyl (Lannate). Lannate is a short residual 
insecticide that if applied every 48 hours, is very effective. It is suggested for use on sweet 
com but not on seed com. Furadan and Penncap-M are used effectively for controlling com 
rootworm adults and European com borers, but they are not recommended for com earworm 
control.
Asana, Baythroid, Capture, and Pounce were applied to a seed com field in Logan County one, 
two, and three times in 1990 (Table 2). The first treatment was made when as many as 70 
percent of the ears had fresh silk. Numbers of male earworm moths being trapped during the 
treatment period averaged about 40 per night. Asana, Pounce, and Ambush are labeled and 
are suggested for control of com earworms. Baythroid and Capture (as well as another 
experimental compound, ICIA 0321), although very effective on com earworms, were not yet 
labeled for use on field or vegetable crops as of October, 1990.
Based upon experience with both seed com and sweet com producers during 1989 and 1990, 
the economic threshold for earworms in seed com should be more than 10 moths trapped per 
day, a threshold that has been suggested during the past three growing seasons. Twenty to 
thirty moths trapped per day may actually be more accurate. Counts of moths usually are low 
just prior to the emergence of the second generation in early to mid July in the central and 
north central regions of the state and mid to late July in the northern section. When the 
second generation moths appear, their numbers during late July and early August either 
remain low or increase above 40. The critical silking period most susceptible to com 
earworm egg laying is from mid July to early August in most years.
Plan now for 1991 if you are a seed com producer. Obtain a trap and enough lures for 
replacement every two weeks over a 10 to 12 week period. Monitor first generation moth 
activity in mid-June to assist in predicting the second generation of moths about six weeks 
later. If someone else has a trap in your vicinity and you have access to the earworm 
numbers, you would not need a trap. When second generation numbers increase in late July to 
above 20 to 30 per day in the trap and the seed com is beginning to silk, treatment with either 
permethrin or Asana should be considered. Closely monitor the trap any time seed com is 
silking because treatment may also be needed due to migrating moths. Make the first 
application about three to four days after the first silk is present in the field. Repeat in four 
to five days if the numbers of moths captured remain above the threshold of 20 to 30 per trap 
per day. In years of extremely heavy counts of more than 150 moths per day, a third 
application four to five days after the second may be profitable, especially on B73 and other 
earworm susceptible inbred lines. Be sure to leave an untreated area to evaluate the reduction 
in earworm damage in the treated field.
In summary, com  earworms are a pest problem in seed com. They can, however, be 
successfully monitored, and the damage they cause can be reduced by applying an effective 
insecticide at the appropriate times. We thank all the cooperators for reporting trap catches 
throughout the growing season. Also, thanks to John Fulton, Logan County Extension 
Adviser; Mike Miller, Jacques Seed Company; and Jim Sloan, Sloan’s Fertilizer, for their 
assistance in establishing and evaluating the earworm control plot in Logan County in 1990.
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Table 1. Average daily trap catches of com earworm moths from 7/3 to 8/15, 1988 to 1990 in 
three Illinois counties - Christian (central), Tazewell (north-central), and McHenry 
(north) J
Week of
Christian Countv Tazewell Countv McHenrv Countv
’88 '89 '90 '88 '89 '90 '88 '89 ’90
7/3 to 7/10 2 0 4 6 0 10 0 1 1
7/10 to 7/17 1 1 0 8 9 3 0 0 0
7/17 to 7/24 5 33 2 8 74 8 0 1 0
7/24 to 8/1 31 174 13 8 238 19 1 2 1
8/1 to 8/8 168 183 28 44 178 33 20 9 0
8/8 to 8/15 146 104 29 168 37 63 79 26 1
Table 2. Results from a com earworm control plot in seed com, Logan County, 1990
Treatment lb a.i./A No. treatments3 from earworm damage
Asana 0.04 1 70
2 72
3 82
Baythroid 0.0375 1 75
2 75
3 93
Capture 0.03 1 72
2 85
3 93
Pounce 0.1 1 67
2 73
3 84
Untreated — 0 22
a Treatment dates: Aug. 20, 27, Sept. 4
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Sudden Death Syndrome in Soybeans
D. Scott and T. Abney
Sudden death syndrome in soybeans (SDS) is a relatively new disease that is creeping into the 
vocabulary of many Midwestern soybean growers. SDS is of concern to more growers because 
it continues to spread northward in this important soybean production area and because it is 
a disease that strikes portions of fields that have the highest yield potential.
SDS first was observed in Arkansas in 1971. However, it caused no concern until 1982 when 
it was responsible for an estimated 25% yield reduction in 5 to 10% of Arkansas' soybean 
acreage. Since 1982, SDS has been identified in areas of Illinois, Indiana, Kentucky, 
Mississippi, Missouri, and Tennessee.
There is no way to accurately assess the total crop loss caused by this disease, but yield losses 
of up to 80% have been reported from a few, scattered, severely affected fields. During 1985 
and again in 1987, 40% yield losses were reported from individual fields in southwestern 
Indiana. Yield losses are dependent upon cultivar, weather conditions, time of disease onset, 
and other factors. Yield reduction due to this disease occurs through premature plant death, 
pod abortion, lack of pod fill, and low test weight.
SYMPTOMS OF SDS
The symptoms of SDS may occur any time from bloom through pod fill, although in Indiana 
and Illinois symptoms usually appear from R-3 to R-6 growth stages. The time of symptom 
expression appears to be related to (a) weather conditions, (b) cultivar, (c) maturity group of 
the cultivar, and (d) general plant growth and health conditions. The disease may affect 
individual plants, small groups of plants, or plants in circular to oblong patches in a field. 
Patches - ranging in number from one to many - may coalesce to form large irregular areas. 
SDS generally occurs in fields that appear to have a high yield potential, and often there are 
no obvious differences between affected and healthy plants with regards to height or other 
growth parameters. SDS frequently appears in those areas of a field that tend to have a 
slightly higher water holding capacity, and the disease is frequently more prevalent in 
irrigated fields than in non-irrigated fields.
The first outwardly visible symptom of SDS is the appearance of small, yellowish, interveinal 
blotches (chlorosis) in leaves, located in the middle to the upper part of the canopy. The 
interveinal blotches quickly increase in size and number, and the tissue within the blotches 
becomes brown and dies. The veins, petioles, and stems remain green for some time after most 
of the interveinal leaf tissue has died. As the symptoms progress, entire plants may become 
affected, leaf blades drop from the petioles, leaving erect, barren, somewhat green petioles 
attached to the stems. The foliar symptoms of SDS may be confused with other diseases such 
as brown stem rot, yet these foliar symptoms alone are not diagnostic for SDS. The root and 
lower stem tissues of plants exhibiting these symptoms must be closely examined for a field 
diagnosis of SDS.
The root systems of plants with the initial interveinal chlorosis appear normal to near 
normal. As the foliar symptoms progress, the internal taproot tissues become a light milky- 
gray to milky-brown color. There is no discoloration of the vascular tissues in the stem at 
this point. With time, the tap root becomes progressively discolored, the lateral roots and 
nitrogen fixing nodules begin to deteriorate, and the vascular tissues in the lower stem become 
light milky-gray to milky-brown. Pith tissues of SDS-affected plants remain normal and 
white, whereas, in the case of brown stem rot, the vascular tissues are normal, and the pith 
tissues are brown. Discoloration of the vascular tissues of the lower stem may involve from
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half to three-fourths or more of the stem of severely affected plants. In addition to normal 
pith tissues, the epidermal tissues of SDS-affected plants also appear normal.
Plants growing under high temperatures or experiencing drought conditions or other forms of 
stress rarely develop symptoms of SDS. The length of time from symptom onset to plant 
death appears to be from 10 days to 3 weeks, although up to 6 weeks has been reported. Dry 
conditions may slow or stop symptom development.
CAUSE OF SDS
Greenhouse and laboratory studies have demonstrated that a specific strain of the soilbome 
fungus Fusarlum solani is a causal agent of SDS. The F. solani fungus can be found in nearly 
every soybean field, and it regularly infects the lateral roots of soybean plants; it is not, 
however, an aggressive pathogen in most situations. The specific strain of the fungus causing 
SDS (sometimes called "race A" or the "blue strain") is, however, highly virulent on soybeans, 
but it is not known to be as widespread. In Indiana, the highly virulent form of F. solani is ’ 
similar to the blue strain" described in other states, and only the highly virulent form 
produced the sexual Nectria stage in sub-culture. In Indiana, numerous other fungal 
pathogens have been isolated from SDS affected plants, but a definite cause/effect 
relationship has not been established. Research studies at Purdue during 1988 and 1989 
established that root infection by the specific strain occurs early in the growing season, but 
SDS symptoms do not appear until several weeks later. The current theory is that the specific 
strain of F. solani produces a translocatable toxin which results in the symptom development 
SDS; however, the toxin has not been identified nor have the conditions under which it 
may be produced.
SOYBEAN CYST NEMATODE AND SDS
The role of the soybean cyst nematode (SCN) in the development of SDS is not totally clear. 
SCN is not necessary for the development of SDS, but SCN exacerbates the severity of the 
disease. Our research has demonstrated that there is no correlation between the SCN 
populations and the development of SDS in a given field. However, varying SCN populations 
have been found in all Indiana fields in which we have confirmed SDS. Research by Dr. Ken 
Roy in Mississippi indicates that the causal fungus of SDS can colonize and overwinter on the 
cysts of SCN. While the nematode is not necessary for the causal fungus to infect soybean 
roots, it may provide an important means of survival for the fungus in the soil. This may 
explain partially why the development of SDS has paralleled the earlier development of SCN 
in the Midwest. In addition, SCN damages root systems which reduces the effectiveness of 
uptake and translocation of nutrients and provides a means of entry into the roots by certain 
other soilbome pathogens.
FACTORS AFFECTING SDS
Cultivars differ widely in their response to SDS both in symptom expression and yield, but 
cultivar comparisons frequently differ from location to location within a state, between 
states, and from year to year. Resistance found in Ripley and Asgrow 3733 has been stable in 
Indiana since 1988. Most researchers feel that the identification of sources of resistance 
holds great promise for the control of this disease.
Early reports indicated that SDS symptoms appeared shortly after the passage of a major 
weather front with rainfall and cooler temperatures at or near the flowering stage. More 
recent observations suggest that adequate to surplus soil moisture during pre-bloom stage is 
most important, especially when followed by a relatively heavy rain sometime during the 
early reproductive stages of development. Rainfall patterns may explain why SDS is 
generally more severe in early planted fields than in later planted fields. While SDS has been 
observed in double-crop soybeans, it is generally less prevalent and less severe.
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The effects of crop rotation on the development of SDS have not been clearly identified. Dr. 
Abney's research suggests that premature death due to SDS is more extensive in continuous 
soybeans (S-S) than with a corn-soybean (C-S) rotation. The lowest premature death was in a 
wheat-com-soybean (W-C-S) rotation. Dr. Don Hershman, University of Kentucky, has 
observed, however, severe SDS following 5 years of com.
Premature dying due to SDS has consistently been more severe in S-S rotations with no-till 
planting than with conventional or chisel tillage.
CONTROL OF SDS
Control measures for SDS are not yet fully defined. The following practices should however 
be beneficial:
1. Cultivar selection. Cultivars differ in their response to SDS. In those areas where 
SDS occurs or is suspected, select cultivars that performed well for the local area in 
those years when SDS was severe. The use of a SCN resistant variety should be 
strongly considered, although certain SCN resistant varieties may be more 
susceptible to SDS:
2. Crop rotation. While the effects of crop rotation on SDS are not fully known, this 
practice aids in the control of SCN and other soil-borne diseases. In Indiana, SDS 
is usually, but not always, more severe in continuous soybeans than in corn- 
soybean or com-soybean-wheat rotations;
3. Tillage practices. Indiana research suggests that SDS is more prevalent in no-till 
than in chisel or conventional tillage;
4. Nematicides do not control SDS. Soil fumigation with methyl bromide- 
chloropicrin controls SDS but is not economically feasible. Soil fumigation with 
Vapam has reduced the severity of SDS in Indiana, but this treatment is not 
economical;
5. Maintain plant health through management practices that reduce damage from 
weeds, insects, or other diseases as well as from stress related to soil compaction or 
other soil factors. Dr. Abney’s research has shown that both foliar fungicides and 
foliar nutrient treatments during pre-bloom enhanced plant health and were 
associated with reduced SDS severity. This research indicates that general plant 
health is important in reducing yield losses from SDS;
6. SDS is not seed-bome, and seed treatment fungicides are not a control measure for 
SDS.
58
Developing Herbicide Resistance in Corn
J. Schoper, P. Armstrong-Gustafson, 
and B. McBratney
Herbicide resistance is currently being developed in com. In 1985, Pioneer H-Bred signed an 
exclusive agreement with American Cyanamid to develop com hybrids resistant to the 
imidazolinone herbicides. This effort has since evolved into a project focused on developing 
com hybrids resistant to Pursuit herbicide with a targeted introduction planned for 1992. In 
addition, genes for resistance to other herbicides, e.g. sethoxydim, glyphosate, etc., have been 
discovered, and there has been some renewed interest in naphthalic anhydride, a seed-applied 
chemical herbicide safener to enable the use of clomazone on com. Collectively, research in 
these areas has generated considerable discussion in the seed industiy about herbicide-related 
products.
From a weed control standpoint, the development of herbicide resistant com hybrids will 
offer farmers more weed control options. While several options typically exist for the control 
of major weeds in com, the number of options is not large in comparison to other major 
crops like soybeans. The availability of new sources of resistance will offer farmers the 
opportunity to use herbicides with alternative weed control spectrums.
The use of specialized resistance genes also may have some unexpected attributes. For 
example, some of the imidazolinone resistance genes may allow growers increased flexibility 
in insecticide choice when sulfonylurea herbicides are used. They also may be used to 
prevent injury where carryover from herbicides with a similar mode of action is a concern. 
Finally, the low use rates, low potential for groundwater contamination, and improved 
human safety of products like Pursuit offer growers favorable choices in terms of 
environmental impact.
The time required to incorporate herbicide resistance genes is significant and will play a role 
in determining the extent to which herbicide resistant com hybrids are introduced to the 
market place. Herbicide resistance genes currently must be backcrossed to incorporate the 
genes into the desired hybrids. Backcrossing is a well known method for transferring single 
genes from one inbred to another and is relatively straight forward. A  limitation of 
backcrossing, however, is the need to go through 7 generations of crossing to achieve a 99% 
recovery of the desired parent. The time required to accomplish conversion can be reduced by 
using winter nurseries but hybrid introduction relative to the nonresistant version of the 
hybrid would be delayed a minimum of 2 years. The time lag for resistant hybrid release 
would be eliminated for some hybrids if adequate resistance could be achieved by converting 
only one of the parents. With this type of gene, resistant hybrids with only one, new, 
nonconverted parent and an existing converted parent could be produced immediately. 
Transformation technology may ultimately decrease the time lag associated with 
backcrossing, but this technology is not yet at this level of accomplishment.
After conversion, hybrids need to be adequately tested in order to evaluate not only herbicide 
resistance but also general hybrid performance. Undesirable linkages could result in effects 
on traits other than herbicide resistance. This testing is currently underway with the 
imidazolinone resistance project, and results to date reveal no negative side effects on either 
yield or other agronomic traits. This research needs to be done over a number of years and 
with an adequate sample of environments.
The introduction of herbicide resistant com hybrids affects seed production and sales as well 
as research. Incorporating specialized resistance genes increases the complexity of seed 
production, inventory, and delivery. Resistant and nonresistant versions of each hybrid will
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need to be produced and stored separately. Quality control will need to monitor resistance 
genes with a high degree of certainty. All of these factors can be managed, but they will be 
important aspects for the seed business. One benefit of herbicide resistance would be the 
opportunity to use new herbicides in seed fields.
Herbicide use will require proper management in order to minimize the potential for the 
development of weed resistance and to insure that volunteer com does not become a problem 
in soybean fields. If herbicide resistant weeds develop, the resistant hybrids for that 
herbicide would no longer be beneficial; therefore, it is in the best interest of both the seed 
suppliers and the farmer to reduce the potential for development of herbicide resistant weeds. 
This can be accomplished by using tillage, crop rotation, or various herbicides including those 
for which resistance has been specially developed in the crop. By employing several types of 
herbicide resistance, the likelihood of developing herbicide resistant weeds may actually be 
reduced because farmers will be able to choose from more herbicides with different modes of 
action. Insuring that volunteer com control is adequate would simply involve developing only 
hybrids that allow for some type of control in soybeans and then informing growers about 
their options before they purchase their seed.
Ultimately, the utility of herbicide resistance and other herbicide related products from the 
seed industry will be determined by farmers. These hybrids still can be treated with standard 
com herbicides; the farmer is not forced into using certain herbicides. This will generate 
competition for both the herbicide and herbicide resistant hybrids. If the increased options 
and advantages offered by herbicide resistance provide economic benefits, the products will be 
commercially successful, and weed control options will be improved.
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Herbicide Safeners and Variety Interaction
L. Paul
Herbicide safeners have been used to protect planted crops from the activity of herbicides 
during the year of application. Now, studies are being conducted to evaluate the effects that 
safeners have on crops the year following herbicide application or when used with crops that 
the herbicide would normally injure. In 1989 and 1990, we studied the effect of naphthalic 
anhydride from FMC, trade name Advantage, in reducing com injury from Command 
(clomazone); a secondary purpose of the study was to determine whether there were any 
differences in the response of various hybrids to Command or Advantage.
In 1990, in addition to continuing the hybrid, Command and Advantage study, we looked at 
the effect of Advantage, planter box applied and pretreated seed, with five different chemicals 
and four hybrids. Soybean chemicals were used at one-half the normal application rate for 
that crop. The chemicals used and the rate of application were as follows: Classic 
(chlorimuron) at .016 lb a.i./A (the rate used in Preview), Command at .5 lb a.i./A, Pursuit 
(imazethapyr) at .0315 lb a.i./A, Scepter (imazaquin) at .0625 lb a.i./A, and Treflan 
(trifluralin) at .5 lb a.i./A. Both studies were conducted at the University of Illinois Northern 
Illinois Agronomy Research Center near DeKalb on Flanagan silt loam with 5% organic 
matter.
All study areas were previously in com. After the seed bed was nearly adequately prepared 
with a field cultivator or disk, herbicide treatments were applied. All studies received Bladex 
(cyanazine) at 2.7 to 3.6 lb a.i./A and Lasso (alachlor) at 2.5 to 3 lb a.i./A. One field 
cultivation for herbicide incorporation followed spraying in the same direction as chemical 
application.
In all tests, the planter, a plate type, was set for a population of 28,300. In 1989 some unsized 
seed was used with a large plate to avoid jamming. The result was that some planted 
populations were higher than desired. Safened seed was treated at the rate of .5% by weight or 
4 ounces of Advantage per 50# of seed.
Visual injury ratings were made after planting. These ratings were based on white plants, red 
plants, stunted plants, and dead plants. Stand counts were made before harvest by counting 
all plants in each plot. Yields were taken and corrected to 15.5% moisture.
In 1989, yield results indicated that almost all of the early season visual injury ratings were 
too high when related to final yield reductions. The safener resulted in improved final 
stands for all hybrids, but only one safened hybrid had the same population for all rates of 
clomazone. The seed safener helped to improve yield of all hybrids with the clomazone rate 
up to 1# active ingredient per acre. When no clomazone was used, the safener appeared to 
have a negative effect on only one hybrid. The seed safener helped to alleviate the effect of the 
clomazone, but the degree varied according to the hybrid used and the rate of clomazone 
applied.
In 1990, Advantage, when planter box applied, reduced the population of some of the hybrids. 
That problem was not experienced with the pre-treated seed. Overall, the safener treated seed 
had less herbicide injury than the untreated seed. This was especially tme in the study with 
the different rates of Command. The safener did not statistically reduce damage or improve 
harvest stands with Classic or Treflan. The response of the different hybrids to Advantage 
varied according to the chemicals applied and also according to the rate of Command applied. 
There were differences among the hybrids in their response to the different chemicals. In 
general, if a hybrid was injured by one chemical, it also exhibited injury from other
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chemicals and from increased rates of Command. Results of the studies are presented in the 
tables.
In summary. Advantage reduced injury from herbicides, but the amount of injury reduction 
varied among hybrids and the chemicals. The decision on Advantage use will vaiy with the 
hybrid and the amount of anticipated chemical carryover.
Table 1. Percent injury in 1989, 20 days after planting
Chemical Command a.i./A
Variety (brand) Advantage 0 1b 1/2 lb 1 lb 2 lb
Cargill 6927 yes 0 8 14 33
Cargill 6927 no 0 43 69 78
Cargill 7993 yes 0 15 26 46
Cargill 7993 no 0 49 70 78
Cargill 7877 yes 0 12 28 34
Cargill 7877 no 0 50 78 82
DeKalbP.G. T-1100 yes 0 16 36 54
DeKalb P.G. T-1100 no 0 70 81 85
Pioneer 3475 yes 0 11 20 46
Pioneer 3475 no 0 44 73 79
Pioneer 3377 yes 0 26 34 51
Pioneer 3377 no 0 56 75 80
LSD .05 12.8 
CV 24.8%
Table 2. Harvest population in 1989 (plants per acre)
Chemical Command a.i./A
Variety (brand) Advantage 0 1b 1/2 lb 1 lb 2 lb
Cargill 6927 yes 34,600 36,600 34,900 30,300
Cargill 6927 no 36,000 31,100 23,800 17,900
Cargill 7993 yes 28,500 30,100 27,900 21,200
Cargill 7993 no 28,500 22,400 14,200 10,200
Cargill 7877 yes 36,000 36,800 34,800 29,900
Cargill 7877 no 35,800 27,800 16,300 15,800
DeKalb P.G. T-1100 yes 21,300 21,300 19,400 14,400
DeKalbP.G. T-1100 no 24,400 16,000 11,600 8,500
Pioneer 3475 yes 23,400 23,400 23,700 23,400
Pioneer 3475 no 25,000 20,000 15,100 11,200
Pioneer 3377 yes 25,800 26,200 24,000 17,100
Pioneer 3377 no 25,800 16,200 10,600 8,500
LSD .05 3250 
CV 9.9%
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Table 3. Com Yield (bushels per acre)
Variety (brand) Advantage
Chemical Command a.i./A
0 lb 1/2 lb 1 lb 2 lb
Cargill 6927 yes 143 151 154 143
Cargill 6927 no 143 126 118 91
Cargill 7993 yes 123 128 126 106
Cargill 7993 no 139 113 73 67
Cargill 7877 yes 135 142 139 137
Cargill 7877 no 141 127 97 97
DeKalb P.G. T-1100 yes 129 120 115 96
DeKalb P.G. T-1100 no 131 90 74 60
Pioneer 3475 yes 145 139 143 119
Pioneer 3475 no 139 111 101 78
Pioneer 3377 yes 132 134 124 107
Pioneer 3377 no 133 95 67 58
LSD .05 15.8 
CV 9.5%
Table 4. Percent injury in 1990, 32 days after planting
Chemical Command a.i./A
Variety (brand) Advantage3 0 lb 1/2 lb 1 lb 2 lb
Cargill 6927 yes-pre <1 3 5 15
Cargill 6927 no <1 <1 3 18
Cargill 7993 yes-pre <1 4 6 41
Cargill 7993 no 0 6 29 87
Cargill 7877 yes-pre 0 8 7 27
Cargill 7877 no 0 11 36 90
DeKalb P.G. T-1100 yes-pb <1 6 39 80
DeKalb P.G. T-1100 no <1 26 88 95
Pioneer 3475 yes-pb 0 3 12 47
Pioneer 3475 no 0 16 33 89
Pioneer 3377 yes-pb <1 4 20 63
Pioneer 3377 no 0 20 62 99
LSD .05 8.3 
CV 27.3%
aAdvantage treatment: pre=pretreated seed; pb=planter box treatment
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Table 5. Harvest population in 1990 (plants per acre)
Variety (brand) Advantage3
Chemical Command a.i./A
0 lb 1/2 lb 1 lb 2 lb
Cargill 6927 yes-pre 23,300 24,400 23,400 21,500
Cargill 6927 no 23,800 25,500 23,900 18,900
Cargill 7993 yes-pre 26,400 27,400 26,400 22,000
Cargill 7993 no 28,900 24,300 16,600 5,000
Cargill 7877 yes-pre 21,700 22,900 22,300 16,000
Cargill 7877 no 20,900 18,500 11,100 1,600
DeKalb P.G. T-1100 yes-pb 22,900 21,300 16,800 6,800
DeKalb P.G. T-1100 no 26,200 12,100 3,000 500
Pioneer 3475 yes-pb 20,000 21,900 18,800 12,000
Pioneer 3475 no 22,700 20,900 12,900 1,800
Pioneer 3377 yes-pb 21,000 22,100 18,300 8,000
Pioneer 3377 no 25,200 14,000 6,200 800
LSD .05 2460
CV 9.9%
aAdvantage treatment: pre=pretreated seed; pb=planter box treatment
Table 6. Percent injury in 1990, 18 days after planting.
Variety (brand)
Chemical
Advantage3 Check Classic Command Pursuit Scepter Treflan
Cargill 6927 yes-pre 0 5 1 5 28 23
Cargill 6927 yes-pb 0 4 <1 7 26 13
Cargill 6927 no 0 11 10 10 37 13
Cargill 7877 yes-pre 0 7 4 6 21 17
Cargill 7877 yes-pb <1 3 14 9 28 12
Cargill 7877 no 0 7 27 20 33 18
DeKalb P.G. T-1100 yes-pb <1 9 28 5 37 19
DeKalb P.G. T-1100 no 0 20 70 21 56 22
Pioneer 3377 yes-pb 3 10 20 13 41 28
Pioneer 3377 no 0 22 67 30 51 23
LSD .05 15.5
CV 36.2%
aAdvantage treatment: pre=pretreated seed; pb=planter box treatment
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Table 7. Harvest population in 1990 (plants per acre)
________________________________ Chemical___________________________________
Variety (brand) Advantage a Check Classic Command Pursuit Scepter Treflan
Cargill 6927 yes-pre
Cargill 6927 yes-pb
Cargill 6927 no
Cargill 7877 yes-pre
Cargill 7877 yes-pb
Cargill 7877 no
DeKalb P.G. T-1100 yes-pb
DeKalb P.G. T-1100 no
Pioneer 3377 yes-pb
Pioneer 3377 no
24,500 24,600 24,100
19,400 18,100 19,800
25,900 25,900 25,200
22,800 23,400 22,800
20,000 20,300 17,500
24,600 24,000 23,000
19,800 18,700 19,600
24,800 24,100 10,900
25,400 25,000 24,300
25,600 25,100 16,500
22,400 22,100 24,000
19,400 20,300 20,100
26,800 23,400 26,600
22,500 21,800 23,600
17,800 17,500 20,300
22,600 22,200 23,700
19,200 19,300 21,600
23,300 15,400 23,900
23,900 20,800 24,900
25,100 17,300 25,500
LSD .05 3050 
CV 8.6%
aAdvantage treatment: pre=pretreated seed; pb=planter box treatment
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Renewed Concerns About the Development of 
Resistant Weeds in Illinois
R. Liebl
Resistance is a microevolutionary phenomenon whereby an organism adapts through various 
mechanisms to a selection pressure. In the case of herbicide resistance, the organism is a 
weed, and the selection pressure is provided by a herbicide. Weed resistance to herbicides has 
taught us once again that weeds have great ecological adaptability and are always evolving or 
compensating for adverse environmental conditions. As herbicide use has increased 
throughout the world, the incidence of herbicide resistant weeds also has increased. During 
the last 30 years, 46 species of resistant weeds have been confirmed involving many 
commonly used herbicides. Resistance can occur in one of two ways:
1. Through genetic mutation; and
2. Through the existence of naturally occurring herbicide resistant biotypes.
It is generally accepted that most, if not all, herbicide resistance known to date involves 
naturally occurring resistant biotypes. The greater the genetic diversity within a weed species 
(many biotypes), the greater the chances of having some biotypes which are naturally 
resistant to a given herbicide.
The primaiy factors that favor the development of a herbicide resistant weed population 
include:
1. The amount of naturally occurring resistant biotypes within the 
native weed population. If the ratio of resistant to susceptible 
biotypes is very low, resistance will advance slowly. If the ratio is 
high, resistance will develop rapidly;
2. Monoculture cropping patterns. The risk of weed resistance is 
greatest where the same herbicide(s) are used repeatedly on the 
same crop and same weeds over a long period of time. If resistant 
biotypes are present, this cropping pattern provides an ideal 
environment for the increase of herbicide resistant weeds;
3. Use of herbicides with a specific mode of action. Since the mode 
of action is localized at only one site in the plant, the chances of 
having biotypes with a resistant site of action is likely;
4. Use of long residual herbicides. Long residual herbicides enhance 
the selection for resistant biotypes. As susceptible biotypes are 
controlled over a long period of time, the soil reservoir of 
susceptible seed becomes depleted and replaced by seed from 
resistant biotypes.
The first reports of herbicide resistance were in the early 1970s when resistance to atrazine 
was discovered. Since then, many weeds have been reported and documented as resistant to 
the entire class of triazine herbicides (AAtrex®, Princep®, Bladex® and Sencor®/Lexone®). 
When considering the criteria necessary for the development of herbicide resistance (frequent 
and repeated use, long residual activity, specific mode of action, monoculture cropping 
patterns), it is easy to understand why triazine resistance has become a problem in certain 
parts of the country. Following the flood of reports during the 1970s there have been few new 
cases of triazine resistance, and herbicide resistance not involving triazine herbicides is
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relatively rare and usually occurs outside the U.S. Recent developments, however, have caused 
renewed concern of herbicide resistance.
Populations of weeds resistant to some of the newer classes of herbicides already have been 
reported. Biotypes of weeds resistant to Glean® (a sulfonylurea herbicide) were documented in 
wheat fields in the western U.S. The resistant biotypes appeared after only five years of 
continuous herbicide use. The constant herbicide exposure, due to the long residual activity of 
these herbicides coupled with the high control rate, resulted in a veiy high selection pressure 
for the resistant biotype.
In 1987, a few kochia and prickly lettuce sites were known to be sulfonylurea resistant. In 
1989, 48 kochia, four Russian thistle, two chickweed, and one perennial ryegrass sites were 
identified, bringing the total resistant sites to 124. To date, no sulfonylurea-resistant 
biotypes have been found in the ct>mbelt.
The resistance has resulted from the selection of biotypes with a less-sensitive target site for 
the sulfonylurea herbicides. That is, acetolactate synthase (ALS), the site of action of 
sulfonylurea and imidazolinone herbicides, isolated from the resistant biotypes is inhibited 
less by these herbicides than ALS isolated from susceptible biotypes. Many of the 
characteristics described above that favor the development of herbicide resistance are key to 
the rapid development of sulfonylurea herbicide resistance; they are: high number of 
resistant biotypes already present in the native weed population, highly effective control and 
specific mode of action; repeat applications; and long residual control.
The development of resistance to Glean® and Oust® herbicides is particularly alarming when 
one considers the many herbicides that have the same mode of action. Weed biotypes that are 
resistant to a particular herbicidal mode of action are most likely resistant to other 
herbicides that have the same mode of action. Initial tests confirm that weed biotypes 
resistant to Glean® also are resistant to other herbicides that have an ALS enzyme inhibitor 
mode of action. Other herbicides that have this same mode action include sulfonylureas such 
as Harmony®, Classic®, Pinnacle®, Beacon®, and Accent®, and the imidazolinones 
Pursuit®, Scepter® and Assert®.
Weed scientists have developed guidelines to manage the problem of resistant weeds. Wherever 
the following guidelines have been practiced, herbicide resistant weeds have rarely become an 
economic problem:
1. Use crop rotations. Crop rotation usually means using a diverse 
herbicide program that makes it difficult for resistant biotypes to 
increase;
2. Use tank mixes or sequential treatments of herbicides having 
different modes of action. Weed biotypes are rarely resistant to more 
than one mode of herbicidal action. By continually exposing the weed 
spectrum to different modes of action, resistant biotypes have little 
opportunity to achieve a competitive advantage and spread;
3. Use short residual herbicides in preference to long residual 
herbicides. Because short residual herbicides disappear quickly, later 
flushes of weeds are unaffected so the seed returning to the soil will 
closely reflect the original, susceptible-to-resistant, seed reservoir 
ratio. Without the persistent selection pressure caused by long 
residual herbicides, the makeup of the seed reservoir should remain 
fairly constant;
4. Use tillage in conjunction with herbicides. The best weed 
management program uses a balanced variety of control methods 
including herbicides with different modes of action and tillage.
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Viral Diseases of Small Grains
P. Himmel
Viruses are infectious agents composed of a nucleic acid surrounded by a protective protein 
coat. The plant virus nucleic acid is composed of either ribonucleic acid (RNA) or 
deoxyribonucleic acid (DNA). Plant viruses that cause disease in cereal crops, or small grains, 
can be transmitted by aphids, planthoppers, mites, fungi, seed, and by mechanical means. 
They are the cause of extensive diseases worldwide, and in most cases, the associated yield 
loss varies inversely with the age of plants at the time of infection. For example, fall 
infection of winter wheat by barley yellow dwarf virus (BYDV) reduces grain yield far more 
severely than infection in the spring.
Plant viruses are identified by the symptoms observed on a host plant, the specific particle 
morphology, mode of transmission, host specificity, and vector specificity. However, plant 
virus cultures are a collection of related mutants, and the inherently high mutation rates 
make their identification and nomenclature a challenge. The most common symptoms of 
virus diseases are dwarfing, excessive tillering, rosetting, mosaics, chlorosis, necrosis, and 
various forms of leaf streaking.
Many virus diseases produce similar symptoms, a situation that makes it difficult to diagnose 
the diseases with certainty. In addition, the action of two or more viruses in a given plant 
can be additive, synergistic, or cross-protective. There are numerous reports in the literature 
citing the increased susceptibility of virus-infected plants to winter-kill, root rots, and fungal 
foliar diseases. However, results of controlled experiments have been less clear cut. Virus- 
induced symptoms also can be confused with those caused by nutritional deficiencies or 
physiological disorders.
The control of virus diseases of small grains depends on the vectors involved in the 
transmission of the virus. The incidence of most small grain viruses can be reduced in the 
fall and spring by planting late, thereby avoiding the overlapping of crops that provide 
continuous hosts for vectors and viruses. The avoidance of crops that serve as oversummering 
or overwintering hosts also reduces the incidence of virus diseases. For example, raising com 
susceptible to BYDV or wheat streak mosaic vims (WSMV) in wheat growing areas may be a 
source of disease for wheat, but the com suffers little loss. Use of a BYDV resistant com 
cultivar would decrease the incidence in winter wheat. Insecticides are moderately effective 
against aphids but can be used effectively against leafhoppers and mites. Frequency and 
timing of insecticide applications are determined by the level of infestation and cost. Soil 
fumigation can control the fungal vector of soilbome viruses, but, generally, this procedure is 
not economical. Vims diseases also can be managed by breeding for cultivars resistant to the 
vims or vector. Wheat cultivars resistant to soilbome wheat mosaic vims (SBWMV) and 
wheat yellow mosaic vims fWYMV) are available, and many commercial cultivars with 
resistance have been released. Resistant cultivars are not available for WSMV or BYDV, but 
available germplasm varies in tolerance to these viruses.
The following is a brief description of the more common vim s diseases of small grains: 
BARLEY YELLOW DWARF
Barley yellow dwarf (cereal yellow dwarf, yellow dwarf, red leaf) is probably the most widely 
distributed and the most destmctive vims disease of cereals. It occurs world wide, and in the 
United Kingdom and the United States it has the greatest negative economic impact of all 
virus diseases of wheat. The disease occurs on wheat, barley, oats, rye and most grasses, but it 
is not known to occur on dicotyledonous plants. Many hosts remain symptomless, or the
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symptoms that do occur are ambiguous. Barley yellow dwarf is tentatively diagnosed by the 
presence of aphid vectors and the occurrence of one or more of stunted plants displaying leaf 
discoloration in shades of yellow, red, or purple. Leaf discoloration occurs from tip to base 
and from margin to midrib. Severely infected crops yield no grain. BYDV, a luteovirus, is the 
causal agent of this disease. It is composed of a group of closely related virus strains with 
minor differences in their serology, virulence, host range, and vector specificity. BYDV is 
restricted in its host distribution to phloem tissue and is not transmissible through seed, soil, 
sap, or by insects other than aphids. More than 20 different species of aphid transmit BYDV. 
Controlling the spread of aphids in field crops with insecticides can reduce the incidence of 
barley yellow dwarf, but the most effective control is to plant in late autumn or early spring 
so that the susceptible seedling stage avoids periods of high aphid activity.
WHEAT STREAK MOSAIC
Wheat streak mosaic is an important and widely distributed wheat disease that occurs 
throughout central and western North America, eastern Europe, and parts of the Soviet 
Union. The distribution of this virus is closely related to its vector, the wheat curl mite 
(Aceria tulipae). WSMV has caused significant losses in winter and spring wheat, barley, rye, 
oats, and many annual and perennial grasses. Symptoms vary with the host, time of 
infection, strain of the virus, and environmental conditions. Infected plants are stunted with 
mottled and streaked leaves. Leaf streaks are yellow-green, discontinuous, and parallel. 
Infections occur in the autumn along the edges of fields, but symptoms develop the following 
spring. The mite vector usually feeds on the upper surface and near the margin of leaves 
causing them to curl upward and inward toward the midvein. WSMV, a flexous rod of the 
potyvirus group, is the causal agent of this disease. It is easily transmitted mechanically 
through infected sap. Late planting of winter wheat, the use of tolerant spring and winter 
wheat cultivars, and the destruction of volunteer wheat controls the disease.
SOILBORNE WHEAT MOSAIC
Soilbome wheat mosaic was first described in Illinois in 1923 and is now known to occur in 
eastern and central United States, China, Japan, southern Europe, and South America. This 
disease causes severe losses in autumn sown winter wheat and also occurs in barley and rye. 
SBWMV, a furovirus, survives in soil in close association with P o ly m y x a  g ra m in is , a 
plasmodiophoraceous obligate fungal root parasite. Virus infection usually takes place as 
wheat roots are colonized by viruliferous zoospores of P. g ra m in is . Infection is favored by 
prolonged cool, wet periods in autumn and possibly in spring. Symptoms develop the 
following spring and vary by cultivar from a mild to severe yellow leaf mosaic to a severe 
stunting or rosetting. Infected plants occur in groups in low lying wet areas in the field. As 
temperatures warm in the spring, the disease symptoms disappear in the developing leaves. 
The use of resistant or tolerant cultivars and late fall planting offer the best management of 
this disease. Soil fumigation to destroy the fungal vector is not economical and would also 
destroy most beneficial soil microflora.
WHEAT YELLOW MOSAIC
Wheat yellow mosaic (wheat spindle streak mosaic) is known to cause losses in wheat, except 
in Germany where it has been reported on lye and barley. In North America, wheat yellow 
mosaic occurs around the Great Lakes, southern Ontario, and in the central United States. 
WYMV, a flexious rod of the potyvirus group, is also vectored by P. g ra m in is . Again, 
infections are favored by prolonged cool, wet periods in autumn. In early spring, symptoms 
appear as yellow-green discontinuous dashes and streaks. Plants infected with WYMV are 
more evenly distributed in the field than is the case with plants infected with soilbome wheat 
mosaic. Late autumn planting and the use of resistant cultivars offer the best approach to 
management of this disease.
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Corn Diseases: New and Potential Problems
D. White
Several com diseases occurred in Illinois in 1990 that have not been a problem for several 
years. This was due to more "normal" rainfall that occurred in the early and late summer and 
the higher than "normal" rainfall that occurred in many areas this spring.
1990 PROBLEMS
Early season flooding resulted in severe crazy top in large areas of the northern half of 
Illinois. The fungus that causes the disease survives as oospores in soil for many years. 
Oospores germinate to produce zoospores after approximately two days in water saturated soil. 
Zoospores will then swim into the whorl of seedling plants that are under water. The fungus 
penetrates and infects meristematic tissues. A  variety of symptoms occurred this year 
including excessive tillering and phyllody ("crazy top") of tassel tissue. Also noted were "giant 
plants." While crazy top is usually considered to be a minor disease of com, localized severe 
infections did result in significant yield losses in some areas.
Stewart's wilt was apparent in most of the southern two thirds of the State. Fortunately, 
currently used hybrids do not have extreme susceptibility to the seedling blight phase of the 
disease, and very little yield loss was noted due to seedling death. The leaf blight phase did 
occur but was not severe enough to cause detectable yield losses. The severity of Stewart's wilt 
depends upon overwintering of the com flea beetle which was fairly successful in 1990. The 
severity of the disease in 1991 will depend on winter temperatures.
Common rust was severe on some inbreds in seed production fields throughout the state. The 
disease also was apparent on a number of hybrids, however, it was probably not responsible 
for detectable yield losses.
Northern com leaf spot, which was reported to be a problem late in 1989, was again a problem 
in the northern parts of the state. At this time, it is uncertain whether the causal agent is 
Bipolaris zeicola race 2 or if a previously undescribed race is causing the problem. The 
disease was more important on certain inbreds in seed production fields. Most hybrids have 
enough resistance to avoid serious yield losses.
Other fungal leaf blights were noted particularly during September and October as the crop 
matured. Northern com leaf blight, anthracnose leaf blight, southern com leaf blight, and 
gray leaf spot were all apparent late in the growing season throughout much of the State. It is 
doubtful that any of these foliar diseases occurred early enough in the growing season to cause 
much yield loss over a large area, but they were damaging in some fields.
Severe European com borer infestations, high yield, and wet weather during the growing 
season that favored nitrogen loss were contributing factors for severe stalk rot occurring 
throughout much of the State. At this time, Gibberella stalk rot appears to be the most 
prevalent disease accompanied by Anthracnose stalk rot and Stenocarpella (Diplodia) stalk 
rot.
Gibberella and Fusarium ear rot were a problem in many areas where com borer caused 
injury to ears and ear rot fungi invaded the wounds. Ear rots also were a problem where ears 
of stalk rotted plants were in contact with soil. Wet weather in October will cause ear rots to 
be damaging as harvest is delayed. Penicillium ear rot was present where com borers caused 
damage to kernels and will continue to be a problem in storage.
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WHAT'S AHEAD FOR 1991?
Predicting which diseases will pose the greatest problems during the 1991 growing season is 
about as easy as predicting the weather for the same season. The build-up of fungal leaf blight 
diseases late in the 1990 growing season does allow for fairly high levels of inoculum to go 
into overwintering. It is assumed that the inoculum will be fairly successful in overwintering 
primarily due to the amount of reduced tillage currently used in the State. If wet weather 
occurs early in the 1991 growing season, leaf blights may occur early enough with high 
enough severity to be a serious problem. Usually, leaf blights cause significant yield losses 
only after two consecutive wet years. During the first wet year, inoculum will increase, and if 
a second wet year occurs, disease will occur early in the season and cause severe damage.
Northern com leaf spot will be serious particularly in the northern half of the State if wet 
weather occurs early in the growing season. Usually, hybrids will not suffer a yield loss 
unless fifteen percent or more of the leaf area is blighted at pollination. If a new race is 
present, the severity of the disease also will depend on which hybrids are most susceptible.
Gray leaf spot may be a problem in many parts of the State if we have high humidity and 
early rain. With gray leaf spot we do not have high yielding, widely used hybrids with good 
resistance. The disease will be most severe in areas where com follows com and reduced 
tillage is used.
Northern com leaf blight could be damaging especially since many of the widely used, high 
yielding hybrids do not have high levels of resistance. Until the early 1980s, northern com 
leaf blight was controlled by the Hti gene which was present in most commercial hybrids. In 
1980, Race 2 of the causal fungus was found in Indiana and has since spread throughout most 
com growing areas. Additional races have been described since 1980, and most currently used 
com hybrids do not have specific gene resistance to any of the described races. The polygenic 
resistance that is present in most currently used hybrids may not be effective enough to avoid 
yield loss if favorable conditions occur for the disease.
Another problem that has been recently described is the mycotoxin produced by F u s a r iu m  
m o n ili fo rm e  called Fumonision . F u s a r iu m  m o n ilifo rm e  is the most common ear and 
kernel rot pathogen of com. It can be isolated from most grain samples at harvest. A 
problem of horses characterized by leucoencephalomalacia, commonly referred to as blind 
staggers or moldy com disease, has been thought to be caused by a mycotoxin produced by F  
m on ilifo rm e  since the early part of this century. Recently, Fumonisin Bj has been chemically 
identified and shown to be the cause. We now know that the toxin may cause problems with 
other species of animals. It may cause non-infectious pulmonary edema in swine, hepatosis 
and nephrosis in sheep, congestive heart failure and cirrhosis in baboons, and cirrhosis, 
hepatic nodular proliferation, endocardial proliferation, and interventricular thrombosis in 
rats. The diversity of symptoms in different animals and the common occurrence of the 
fungus lead to concerns related to both animal and human health. I fear that since 
Fumonisin Bj can be chemically detected in grain, the FDA soon may set allowable limits on 
this toxin. Chemical analyses of com from the 1989 crop suggest that Fumonisin Bj is very 
common. Even though the toxin has always been present, public concern and a perception of 
human health problems could make Fumonisin B 1 and F u s a r iu m  m o n ilifo rm e  a significant 
com problem in the 1990s.
The com diseases that will cause problems in the future will vary depending on weather and 
susceptibility of widely used hybrids. With the increased use of reduced tillage in the last 
fifteen years, fungal leaf blights will likely become more important. General concerns by the 
public about food safety and the ability to detect veiy small amounts of mycotoxins will result 
in a new emphasis on the solutions to problems related to ear rots and grain storage.
71
Results of a Survey of Pesticide Use in
Commercial
Fresh Market Fruits and Vegetables
J. Masiunas
The fruit and vegetable industry in Illinois can be divided into processing and fresh market 
producers. Growers of fresh market fruits and vegetables are diverse. In general, they grow a 
mix of crops (Table 1) and use multiple plantings to maintain a supply of fruits and vegetables 
throughout the growing season. The majority of growers sell their products by direct 
marketing, either roadside stands, farmers’ markets, or pick-your-own. These methods of 
sales are often supplemented by wholesale marketing either to chain stores, terminal 
markets, or food establishments. Fresh market fruit and vegetable growers make the 
majority of management decisions, including pest management, for their farms.
In an effort to understand pest management in fresh market fruits and vegetables, I 
conducted a mail survey during late fall 1989. The survey questioned growers about general 
pest management practices, environmental issues, sources of pest management information, 
and specific pesticide use. A  total of 320 useable surveys (34% of the total mailing) were 
returned. Two hundred and fourteen of the respondents grew fruits and 196 grew vegetables.
GENERAL QUESTIONS
Growers were concentrated in the northeastern and southwestern portions of the state where 
the two largest fresh fruit and vegetable markets (Chicago and St. Louis) are located. The 
majority of fruit growers operated on a small scale (less than 10 acres). These small-scale 
fruit growers included most strawberry growers. Farms producing both vegetables and 
agronomic crops (soybeans and field com) tended to be large.
Most growers used some type of nonchemical pest management practice. The percentage of 
growers using a specific practice varied from 17% who used plastic mulches to 72% who used 
mechanical tillage and cultivation. The use of nonchemical pest management practices also 
varied depending on the farm size (Table 2). Small sized farms were less likely to use 
nonchemical pest management practices than large sized farms. For example, 55% of the 
farms that were less than 10 acres in size used disease resistant varieties, whereas 77% of the 
farms that were greater than 101 acres in size used them. Growers with diverse operations 
(growing fruit, vegetables, and agronomic crops) were the most likely to use nonchemical pest 
management practices.
The majority of growers applied their own pesticides (Table 3) using either boom or air blast 
sprayers. Fixed wing aircraft and boom sprayers were the most common application 
equipment used when outside firms applied pesticides.
Growers were questioned about their use of a selected group of Information sources. County 
extension staff and agriculture chemical dealers were each used by 25% of the growers as 
primary sources of information, and more than half of the growers used them as primary or 
secondaiy information sources (Table 4). Other growers and agriculture chemical salespersons 
were important secondaiy sources of information. University sponsored extension meetings 
were another important source of information on pest management, with 73% of the 
respondents using them as primary or secondary sources of information. Most growers used 
at least two primary sources of pest management information.
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PESTICIDE USE IN SPECIFIC CROPS
Because of the large number of fruit and vegetable crops included in the survey, I will limit my 
discussion to the major pesticides used on two fruit crops (apples and strawberries) and two 
vegetable crops (sweet com and muskmelons). These crops have a wide range of pest 
problems, and they illustrate the diversity of Illinois fruit and vegetable production.
A p p le s . One hundred twenty six apple growers responded to the survey, representing 3,072 
acres of apples. Most growers used a postemergence, nonselective herbicide (either glyphosate 
or paraquat) along with simazine for weed control in the orchard (Table 5). The use of 
fungicides and bactericides was more common than the use of herbicides. Streptomycin, 
benomyl, captan, and dodine were used on more than 70% of the apple acres represented in 
the survey. Mancozeb and metiram also were widely used. Three insecticides, azinphos- 
methyl, chlorpyrifos, and petroleum oil were used on more than 80% of the apple acreage. 
Several other insecticides also were important for managing insects on apples. Other 
insecticides that were used on more than 50% of the apple acreage were phosmet, propargite, 
parathion, phosphamidon, carbaryl, and oxamyl.
When responses to the present survey were compared with the results from a 1978 survey 
(Hopen et al. 1980), some interesting trends were observed. Herbicide use was similar between 
the two surveys. The biggest difference was that 85% of the apple acres were treated with 
paraquat in 1978 as compared to 60% in 1989. The difference was a consequence of the use of 
glyphosate for nonselective weed control in orchards during 1989. Overall, more apple 
acreage was treated with fungicides in 1989 than in 1978. The largest increases were in the 
use of streptomycin and benomyl (more than a 60% increase). Azinphos-methyl was the most 
widely used apple insecticide in both the 1978 and 1989 surveys.
S tr a w b e r r ie s . Fifty-seven strawberry growers responded to the survey. They grew a total of 
264 acres of strawberries, with their plantings ranging from 1 to 21 acres. Fewer pesticides, 
especially insecticides and fungicides, were used in strawberry production (Table 6) than in 
apple production. Azinphos-methyl was the most commonly used insecticide; it was applied 
to 53% of the strawberry acreage. Benomyl and captan were the two most commonly used 
strawberry fungicides, each being applied to more than 70% of the acreage. DCPA and 2,4-D 
were the most commonly used herbicides.
The greatest change since 1978 was the removal of two herbicides from the market. In 1978, 
chloroxuron and diphenamid were each used on more than 80% of the strawberry acreage. 
Chloroxuron is no longer available, and in 1989, old stocks of diphenamid were used on 33% 
of the strawberry acreage. Insecticide and fungicide use was similar in 1978 and 1989. The 
insecticide azinphos-methyl and the fungicides captan and benomyl were widely used in both 
years.
M u s k m e lo n . Seventeen muskmelon growers responded to the survey; they produced a total of 
336 acres of this vegetable crop. Their production ranged from 1 to 150 acres of muskmelons. 
A  few herbicides are registered for use in muskmelon in Illinois. Bensulide, a preplant 
incorporated, grass-active herbicide was used on 69% of the acreage (Table 7). Few acres were 
treated with naptalam, a registered broadleaf-active herbicide. Approximately 25% of the 
growers applied trifluralin, a preplant incorporated herbicide that is not registered in Illinois 
for muskmelon. Hopen et al. (1980) also reported trifluralin use by melon growers, although 
they found less acreage treated.
In 1989, only a few fungicides and insecticides were commonly used on muskmelons. 
Chlorothalonil was used by the greatest percentage of growers, but metalaxyl alone or in 
combination with chlorothalonil was used on the most acres. Permethrin and carbaiyl were 
the two most commonly used insecticides. Carbaryl was used more by smaller scale 
muskmelon growers, whereas larger scale growers used carbofuran and permethrin. The 
acreage of muskmelons treated with carbaryl has decreased from 73% in 1978 to 48% in 1989.
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S w e e t  c o m . Sweet com is an example of a vegetable crop that is grown both for fresh and 
processing markets. I will limit my discussion to sweet com  grown for fresh market. Fifty 
sweet com growers responded to the survey, representing 1,164 acres of fresh market sweet 
com. The sweet com  plantings ranged in size from 1 to 100 acres. Two types of herbicides 
were used on sweet com, either a broadleaf-active triazine (atrazine or cyanazine) or a grass- 
active chloracetamide (metolachlor or alachlor) (Table 8). Each category was used on 
approximately 70% of the sweet com acreage. Herbicide use increased from 1978 to 1989.
Few fungicides (excluding seed treatments) were applied to sweet com during 1989. Three 
predominate insecticides were used in sweet com: terbufos, a soil applied insecticide, and the 
foliar applied insecticides permethrin and carbaryl. Carbaryl use in sweet com  has declined 
from 76% of the acreage treated in 1978 to 43% of the acres treated in 1989. Growers who 
used carbaryl tended to have small plantings. Users of terbufos tended to have larger sweet 
com plantings.
In summary, fresh market fruit and vegetable growers in Illinois are diverse. Acceptance and 
use of integrated pest management (IPM) strategies overall is poor, with less than 50% of the 
growers using IPM. Although most of the fruit and vegetable growers apply their own 
pesticides, custom applicators are still important, especially for making aerial applications. 
The private sector, including agricultural chemical dealers and chemical salespeople, are 
important sources of information about pest management. The four crops discussed represent 
crops with very different pest management problems. Apples are a long-term perennial crop 
for which fungicide and insecticide use predominate. Strawberries are a crop for which pest 
management is in transition. Strawberries are a noncompetitive, short lived perennial, 
making weed management a major challenge. Herbicide use on strawberries is changing 
because older products are not being re-registered. Few herbicides are registered for use in 
muskmelons. Use of carbaryl in muskmelons and sweet com has decreased between 1978 and 
1989. The future challenge in specialty crop production will be to maintain pest management 
options with fewer available pesticides.
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Table 1. Estimated acreage of Illinois fresh market fruits and vegetables
Crop Acres
Fruit Crops:
Apples 4,000
Peaches 1,500
Strawberries 500
Vegetable Crops:
Sweet com 6,000
Cabbage 2,500
Potatoes 2,000
Muskmelons 1,500
Watermelons 1,500
Peppers 1,500
Broccoli 1,000
Onions 1,000
Tomatoes 1,000
Table 2. The use of nonchemical pest management practices by fruit and vegetable farms
Farm size (acres)a
Practice 1-10 11-100 >101
(— % Farms --}
Integrated pest management 25 48 35
Cover crops 32 49 42
Mechanical tillage and 
cultivation
61 65 89
Plastic mulch 7 19 26
Disease resistant 
varieties
55 63 77
a 32% of the farms were between 1 and 10 acres, 33% of the farms were 11 to 100 acres, and 
35% of the farms were greater than 101 acres.
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Table 3. The type of equipment used to apply pesticides to fresh market fruits and vegetablesa
Equipment
Our
employees
Outside
firm
(%) (%)
Aircraft:
Fixed wing 5 45
Helicopter 2 8
Ground:
Boom sprayer 71 56
Granular applicator 24 --
Air blast sprayer 45 4
Solo type mist blower 15 --
Compressed air sprayer 27 --
Orchard sprayer 11 --
Other (hand sprayer, 2 3
chemigation, etc.)
a 61% of the growers applied their own pesticides; 24% of the growers both applied their own 
pesticides and had pesticides applied by an outside firm; and 3% had an outside firm apply 
all pesticides. The remaining growers either were organic, or they did not indicate how 
their pesticides were applied.
Table 4. Use of selected information sources by fresh market fruit and vegetable growers
Source Primary Secondary Not used
(%) (%) (%)
People:
County extension 26 28 46
adviser
Agriculture chemical 25 32 42
dealer
Other growers 14 38 48
Private consultants 9 8 83
Chemical salespersons 8 21 70
Meetings:
University sponsored 44 29 27
Non- university 14 24 62
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Table 5. Common pesticides used in apples during 1989
Pesticide
% Growers 
using
% Acres 
treated
Herbicides:
Glyphosate 41 35
Paraquat 36 60
Simazine 40 59
2,4-D 22 31
Fungicides and bactericides:
Benomyl 61 80
Captan 83 89
Dodine 40 73
Mancozeba 74 90
Metiram 37 66
Streptomycin 54 87
Sulfur 13 27
Insecticides:
Azinphos-methyl 67 93
Carbaryl 59 59
Chlorpyrifos 49 82
Diazinon 16 8
Dimethoate 10 22
Esfenvalerate 18 47
Formetanate 18 39
Malathion 30 9
Oxamyl 16 61
Parathion 15 55
Permethrin 12 22
Petroleum oil 76 89
Phosmet 58 64
Phosphamidon 17 59
Propargite 37 69
a Either alone or in combination with other fungicides
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Table 6. Pesticides used in strawberries during 1989
% Growers % Acres
Pesticide using treated
Herbicides:
DCPA 51 42
Diphenamid 39 33
Glyph osate 12 15
Napropamide 33 38
Sethoxydim 42 49
Terbacil 33 50
2,4-D 56 65
Fungicides:
Benomyl 61 71
Captan 68 77
Vinclozolin 23 33
Insecticides:
Azinphos-methyl 40 53
Carbaryl 28 31
Diazinon 14 13
Malathion 21 28
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Table 7. Pesticides used in muskmelon during 1989
Pesticide
% Growers 
using
% Acres 
treated
Herbicide:
Bensulide 29 69
Naptalam 29 16
Trifluralin 24 15
Fungicides:
Benomyl 29 27
Chlorothalonila 71 37
Mancozeb 29 21
Metalaxyla 18 49
Insecticides:
Permethrin 24 58
Carbaryl 71 48
Carbofuran 29 35
Malathion 18 10
a Includes growers using chlorothalonil + metalaxyl prepackaged mixtures.
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Table 8. Pesticides used in fresh market sweet com during 1989
% Growers % Acres
Pesticide using treated
Herbicides:
A lach lor 44 49
Atrazine 38 46
Cyanazine 24 24
Metolachlor 28 20
Fungicides:
Chlorothalonil 10 16
Insecticides:
Carbaryl 52 43
Esfenvalerate 18 29
Permethrin 44 66
Terbufos 28 42
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Can We Really Make Use of Beneficial Insects
in Field Crops?
R. Weinzierl
Public concern over pesticide residues and pesticide safety has created a resurgence of interest 
in biological control and other alternatives to the use of conventional insecticides. Several 
new publications from the University of Illinois Cooperative Extension Service address 
alternatives for insect pest management. They cover microbial insecticides (C1295), botanical 
insecticides and insecticidal soaps (C1296), insect attractants and traps (C1297), beneficial 
insects and mites (C l298), and integrated approaches to insect management in field and forage 
crops (C1307). All of these publications are included as chapters in the 1991 Illinois P e s t  
C o n tro l H a n d b o o k .
Of the alternatives that might contribute to effective pest management and present little or no 
risk to the environment or human health, biological control by natural enemies -- predators 
and parasitoids that attack pests -- is especially attractive to consumers who are concerned 
about pesticides as environmental contaminants. This paper reviews some principles of 
biological control and examines what we know and do not know about applying those 
principles to make specific pest management decisions in specific crops. Although the focus of 
this paper is on insects and other arthropods that attack pests, insect pathogens are also 
important in biological control.
PREDATORS AND PARASITOIDS IN BIOLOGICAL CONTROL
Even though "beneficial" insects include pollinators, decomposers, and countless other 
organisms that contribute to functioning ecosystems, the insects most often considered to be 
beneficial species in pest management are predators and parasitoids. The first of these terms, 
predator, is familiar to most readers; common insect predators include lady beetles, ground 
beetles, lacewing and syrphid fly larvae, and certain "true bugs" such as N a b is , the minute 
pirate bug, O riu s , and the spined soldier bug, P o d isu s . Related arthropods such as spiders and 
many mites also play important roles as predators. The term parasitoid means parasite-like. 
Although parasitoids, like many true parasites, develop within a host, they differ in 
important ways from true parasites. Parasitoids kill their hosts outright (not simply 
draining their host's energy as many parasites do) and often are nearly the same size as the 
host they attack (unlike most parasites). Common parasitoids include wasps and flies that 
deposit eggs on or within host insects; the immature parasitoid consumes the host from 
within and then emerges from the host's body. Parasitoids that may be recognized by pest 
management professionals include insects in the genera B a th y p le c te s , M ic ro c to n u s , 
M a c ro c en tru s , T r ich og ra m m a , E n ca rs ia , M u sc id ifu ra x , S p a la n g ia , and B ra c o n . (See Extension 
Circular 1298 for more information on these parasitoids.)
Beneficial insects are used or managed in biological pest control in three ways: (1) classical 
biological control — the importation of natural enemies; (2) conservation — the preservation 
of naturally occurring beneficial species; and (3) augmentation -- the release of additional 
predators or parasitoids to increase their existing population levels. Although this paper will 
not discuss in detail the methods of classical biological control (because such programs are 
carried out by government agencies, not individuals), there is certainly a sound ecological 
basis for importing natural enemies of the many pests that have been introduced into North 
America. In addition to recently introduced pests such as the Russian wheat aphid, important 
exotic pests of crops and livestock in the United States include the alfalfa weevil, European 
com borer, Hessian fly, cereal leaf beetle, hom fly, and face fly. Many additional species 
comprise the alarmingly long list of pests introduced into North America from abroad. 
Importing natural enemies to control such pests has provided various levels of success.
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In all approaches to biological control, conserving natural enemies is important. Steps or 
practices essential for conserving beneficial species include: (1) recognizing beneficial species 
and understanding their roles: (2) minimizing insecticide applications; (3) using selective 
insecticides or selective application methods; (4) maintaining ground covers, standing crops, 
and crop residues that provide necessary habitat; and (5) providing supplemental foods such 
as artificial supplements or the pollen and nectar of plants with small flowers. (See 
Extension Circular 1298 for more details on practices that conserve natural enemy 
populations.) Steps that conserve natural enemies may or may not provide acceptable levels 
of overall pest management because pest species also respond to practices that alter the field 
environment. In addition to conserving naturally occurring predators and parasitoids, 
understanding the relationships between the densities of those natural enemies and the levels 
of pest control they might accomplish is an important step in integrating biological control 
into insect management programs.
Augmentation, the third approach to biological control, is often divided into two forms -  
inoculative releases and inundative releases. Inoculative releases involve relatively low 
numbers of natural enemies and are intended to "seed" an area with beneficial insects that 
will reproduce and increase in numbers. Inundative releases involve great numbers of insects 
intended to rapidly overwhelm and reduce a pest population. Although the distinction 
between inoculative and inundative releases is not absolute, the intent of a release program 
should be well-defined, and that intent should influence the timing and numbers of insects 
used in any releases.
Perhaps the most useful way to proceed from this brief introduction to biological control is to 
examine the importance and potential use of predators and parasitoids in two Midwest field 
crops, alfalfa and com. Key species, release rates, predator-prey ratios, and related topics are 
discussed in conjunction with these crops and their specific pests.
BIOLOGICAL CONTROL IN ALFALFA
Classical biological control efforts targeting the alfalfa weevil began in the United States in 
the 1950s. Imported parasitoids that attack alfalfa weevil larvae or adults are now 
established in many states; common species include T e tra stich u s  in certu s, B a th y p le c te s  
cu rcu lion is , B a th y p le c t e s  a n u r u s , M ic ro c to n u s  co lesi, and M ic ro c to n u s  a e th io p o id e s  (all 
Hymenopterans). Although the B a th y p le c te s  species are found most often, all of these species 
can be collected in Illinois. Do they provide adequate or even meaningful levels of biological 
control of alfalfa weevils? They do in at least some fields. Surveys conducted in Michigan in 
1989 and 1990 indicated that parasitism at bud stage in first-cutting alfalfa averaged 
approximately 35% for alfalfa weevil larvae (primarily B a th y p le c t e s  species) and 
approximately 48% for alfalfa weevil adults (M. a e th io p o id e s ) (personal communication, D. 
Landis, Michigan State University [1990 report to NCR-125]).
Perhaps as important as the geographical spread and establishment of alfalfa weevil 
parasitoids is the question of how to determine the level of biological control likely to occur 
in an individual field as a result of parasitoid presence. Research conducted in other states 
has generated limited information on this subject. Davis (1974) estimated that one B. 
cu rcu lion is  adult per 25 alfalfa weevil larvae in sweep net samples would produce 60% 
parasitism in the weevil population; one B , cu rcu lion is  per 45 weevil larvae would produce 
50% parasitism; and one B. cu rcu lion is  per 100 larvae would parasitize 35% of the weevil 
larvae. In the absence of parallel data, similar ratios might be hypothesized for the impact of 
B. a n u ru s , but the effects of various parasitoid-host ratios have not been published for this 
species. For field scouts or producers, identifying and counting B a th y p le c te s  adults is 
especially important because parasitized weevil larvae show little or no outward sign of 
parasitization that would aid field scouts in discriminating between parasitized and 
nonparasitized individuals when determining control needs. Horn (1971) estimated that one 
T e tra s t ich u s  in ce rtu s  adult per 8 alfalfa weevil larvae in sweep samples resulted in 50% 
parasitism. No estimates of the impacts of various parasitoid-host ratios have been published
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for M ic ro c to n u s  species. M. a e th io p o id e s  parasitizes adult weevils and, consequently, has 
little impact on the current season’s crop damage even though it can have an important 
influence on long-term population trends.
While the parasitoid-host ratios listed above can be used to adjust control decisions according 
to predicted levels of parasitism, it is likely that the initial densities of alfalfa weevil 
parasitoids will not be great enough to provide adequate control during the first stages of their 
establishment within a field or area. Fields with low densities of parasitoids may still 
contain weevil infestations severe enough to warrant insecticide application if currently 
recommended treatment thresholds are used. Insecticides applied to control weevil larvae 
also will kill their parasitoids, reducing the likelihood that parasitoid populations will build 
to levels that effectively regulate weevil density. To promote or allow more effective action 
from biological control agents, the adverse impacts of insecticide applications must be 
minimized. How can this be done?
The following steps to favor parasitoid buildup cannot be viewed as the most profitable for 
short-term economics; instead they represent the steps most likely to favor the maximum 
development of biological control over a period of a few years. (1) Producers are encouraged to 
plant varieties that exhibit tolerance to alfalfa weevil injury (see Extension Circular 1307 or 
Chapter 2 of the 1991 Illinois P e s t  C o n tro l H a n d b o o k ). (2) Where weevil infestations exceed 
established thresholds, harvesting the first cutting slightly early avoids further damage and 
exposes the remaining alfalfa weevil larvae to a range of natural control agents. (3) Where 
hardy stands of alfalfa are growing vigorously under ideal weather conditions, accepting 
greater-than- usual infestations of alfalfa weevil larvae ("fudging" the threshold up by 20 to 
50%) before applying insecticides is unlikely to lead to severe loss. (4) Where insecticides 
must be applied, leaving some areas within a field untreated and accepting minor losses in 
yield from those areas may be necessary to maintain parasitoid populations and allow their 
future buildup. Although purposefully allowing the pest population to survive in some 
locations may seem undesirable, doing so is probably necessary if natural enemy populations 
are to build up to densities that will regulate the pest and reduce the need for insecticide 
applications in the future.
Other pests that attack alfalfa include the potato leafhopper and several aphids, especially the 
pea aphid. The potato leafhopper, the most damaging of these pests in Illinois, is controlled 
in varying degrees by a number of predators (especially N a b is , Oriu.s, P o d isu s , and other true 
bugs) and by a fungal pathogen. The impacts of various predator-prey ratios on leafhopper 
populations have not been established.
The relationships between predators and aphids in alfalfa are somewhat better defined. Pea 
aphids rarely build to densities that require insecticide application in alfalfa in Illinois; 
examining published research helps to explain why. Prey (aphid) densities influence 
predators' egg-laying patterns as well as the degree to which those predators can control the 
aphid infestations. Available data indicate that as adult lady beetles such as H ip p o d a m ia  or 
C o c c in e lla  move into alfalfa fields in the spring, they require about 2 to 4 pea aphids (or more 
smaller aphids) per alfalfa stem to induce oviposition (Hagen 1976). Second generation adults 
may require slightly greater prey densities for oviposition (Hagen and Sluss 1966). Where eggs 
are deposited and H ip p o d a m ia  or C o cc in e lla  larvae are present, one lady beetle larva per 
sweep is likely to provide adequate control of aphid densities up to 50 per stem. Adult lady 
beetles in these genera are even more effective; one per sweep should provide adequate control 
of aphid infestations that have reached 100 per stem (Hagen and McMurtry 1979). Other 
predators that attack aphids in alfalfa include several true bugs, syrphid fly larvae, and 
lacewings. Tamaki et al. (1974) suggested standardizing descriptions of the aphid-controlling 
potential of various predators by assigning them "predator power" values. These authors 
assigned adult lady beetles in the genera C o cc in e lla  and H ip p o d a m ia  a predator power of 8, 
larvae of lacewings, lady beetles, and syrphids (and smaller or less aphid-specific lady beetle 
adults such as C o leo m eg illa ) a value of 4, and generalist predators such as N a b is , O rius, and 
P o d is u s  a value of 1. These values could be used in conjunction with the predator-prey ratios
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listed previously for lady beetle adults to determine the impacts of mixed assemblages of 
predators on aphid infestations.
Overall, biological control involving predators and parasitoids in alfalfa is primarily a 
matter of encouraging the further establishment of parasitoids of the alfalfa weevil and 
conserving the natural biotic control agents that limit leafhopper and aphid densities. 
Knowledge of effective parasitoid-host ratios and predator-prey ratios is necessary if decisions 
about insecticide application are to be improved to allow greater levels of biological control. 
(Biological control through the manipulation or application of fungal pathogens is also 
important in the management of the alfalfa weevil and potato leafhopper.)
BIOLOGICAL CONTROL IN CORN
Although a number of predators and parasitoids contributes to the natural biotic control of 
such com pests as the com leaf aphid, com rootworms, cutworms, wireworms, and white 
gmbs, this paper concentrates on the single insect that is most often the target of biological 
control efforts in com  -- the European com borer. Classical biological control efforts, 
conservation of existing enemies, and augmentation by mass release have been practiced 
against this pest.
Of the many parasitoids introduced into the United States for European com borer control, 
the wasp M a c ro c e n tru s  grancLii is the most common species collected from com borers in 
Illinois. M. g ra n d ii parasitizes com borer larvae and was collected from both first- and 
second-generation European com borers by Siegel et al. (1987) in Woodford County. They 
found that from 1980 through 1983, parasitism rates for fifth instar larvae averaged 16% and 
5% for first- and second-generation borers, respectively.
Although M. g ra n d ii plays at least a minor role in the regulation of European com borer 
populations, producers and field scouts are generally unable to assess its potential 
contribution in a way that influences insecticide application decisions. Although the 
parasitoid attacks larvae before they bore into stalks, parasitism is not immediately evident. 
Control decisions based on larval densities in the whorl (first-generation) or counts of egg 
masses (second-generation) cannot be adjusted to reflect likely mortality due to parasitism.
In addition, parasitized larvae bore into stalks before they are killed, and, therefore, they 
cause at least some economic damage despite parasitism. No reliable method of sampling M. 
g ra n d ii adults or correlating their density with subsequent parasitism rates has been 
established. (A related note: M . g ra n d ii is susceptible to infection by N o s e m a  p y ra u s ta , a 
microsporidian pathogen of the European com borer; this pathogen probably limits the 
parasitoid's buildup in at least some circumstances.)
Suggestions for the conservation of natural enemies of the European com borer in com fields 
generally center on increasing plant diversity to attract and maintain populations of 
generalist predators. Although increasing plant diversity has led to reductions in com borer 
infestations in some studies (Lambert et al. 1987), natural enemy density is not always 
increased in such systems nor is increased yield well documented (Risch et al. 1983; Andow 
and Risch 1985; Andow and Prokiym 1990). Using a selective insecticide such as B a c illu s  
th u r in g ien s is  k u rs ta k i (Dipel and similar products) when necessary for com borer control 
also minimizes mortality in beneficial species. Among the naturally occurring generalist 
predators likely to have an impact on com borer populations are the spotted lady beetle, 
C o leo m eg illa  m a cu la ta  (Andow and Risch 1985; Andow 1990), the common green lacewing, 
C h ry so p e r la  c a m e a  (Carlson and Chiang 1973; Obiycki et al. 1989), and the minute pirate bug, 
O riu s  in s id io su s  (Conrad 1959). All of these species feed on European com borer eggs.
Although recent research indicates that C h ry s o p e r la  c a m e a  and C o leo m e g illa  m a cu la ta  may 
show the greatest potential for reducing com borer populations through egg predation (Andow 
1990; Obrycki et al. 1989), no predictions of egg predation levels based on predator densities in 
the field have been published. (Andow [1990] has, however, proposed a methodology for 
establishing such predictions.) Using food supplements such as sucrose sprays and 
commercial protein-sucrose mixtures can help to hold predators in treated areas and increase
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their effects; see Extension Circular 1298 for more information on supplemental foods for 
parasitoids and predators.
The periodic mass release of biological control agents for European com borer control is a 
well-established practice in many countries. Most efforts employ a species of the egg 
parasitoid T rich o g ra m m a . Blending the results of many separate research trials suggests that 
releases of 5 0 ,0 0 0  to 300,000 T r ich o g ra m m a  per acre per generation are likely to provide 30 to 
60 percent reductions in com borer infestations. Releases are most successful if they are 
begun as soon as com borer moths are captured in light traps or pheromone traps and are 
continued on a weekly basis for the entire flight period. Although T r ich o g ra m m a  p r e t io s u m  is 
the species most often sold by commercial insectaries, current research employs T. n a b ila le , a 
species that is apparently better adapted to parasitizing the European com borer. While the 
cost and availability of T r ic h o g ra m m a  currently limit (or rule out) such mass release 
programs in most of the United States, it is important to note that the infrastructure for 
producing and distributing this parasitoid is in place and at least somewhat successful in 
several countries in Europe and Asia.
Mass releases of green lacewing eggs have been successful in controlling caterpillar and aphid 
pests in some field crops when rates of 50,000 to 100,000 eggs per acre have been released. 
Given the tendency of green lacewing larvae to feed on com borer egg masses when they are 
available (Andow 1990), releasing this insect in com might be at least somewhat effective. 
Factors that complicate such releases include the fact that biotypes of C h ry s o p e r la  c a m e a  
exhibit different prey preferences (Tauber and Tauber 1975) and the problems mentioned 
above concerning cost and availability. No evidence supports the inoculative release of small 
numbers of green lacewings in com fields early in the crop season (a practice marketed by at 
least one supplier during recent years).
CONCLUSIONS
In summary, the answer to the question posed in the title of this paper is certainly “yes.” 
Predators and parasites do contribute to pest management on a continuous basis; progress in 
managing these beneficial insects will increase the pest control benefits they provide. 
Although the ephemeral nature of field crop systems (harvested and usually tilled annually) 
makes the establishment of some biological control agents difficult, the absence of strict 
cosmetic standards and cosmetically based price discounts means that pest thresholds in field 
crops are often great enough to allow the buildup of natural enemies in many situations. The 
possibilities for greater reliance on biological control are increasing because of a better 
understanding of the biology and ecology of individual species and the development of 
selective microbial insecticides that are not directly toxic to most natural enemies.
Despite the potential for greater adoption of biological control programs, important 
challenges and problems remain. For many pests, the relationships between observable 
densities of natural enemies and subsequent levels of biological control are not known. Such 
information is essential if scouts or producers are to weigh the value of natural enemy 
populations in their decision-making regarding the need for insecticide applications. A  
similar knowledge of effective predator-prey or parasitoid-host ratios is also essential for 
determining release rates where augmentation programs call for the inundative release of 
natural enemies.
Answering the biological questions posed above will provide only a part of the progress 
needed for an increase in reliance on biological control. Producers and consultants may also 
have to accept greater levels of pest damage in at least some portions of a crop in order to 
foster the increase of natural enemy populations that might provide biological control and a 
reduced need for pesticide application in the future. Although such sacrifices may not appeal 
to many agricultural professionals, regulations or incentives in federal or state legislation 
may force the transition to biological control efforts in the near future.
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The Potential for Bioengineering 
in Disease Control
S. Farrand
INTRODUCTION
The explosion in agricultural productivity that has occurred in the United States over the last 
75 years is due in large part to three major areas of development. First is farm 
mechanization. The development and wide distribution of mechanized farm implements has 
allowed the cultivation and harvesting of large land tracts in a more efficient and less labor- 
intensive manner. Second is the development of the agrichemical industry. The availability 
of effective herbicides and pesticides further increases yields, decreases labor, and contributes 
to our present day high intensity farming practices. Third is the breeding of crop varieties 
producing greater yields and showing better tolerance to pests and environmental stresses. 
This last area represents the manipulation of the major biological component of the system, 
and, because this breeding is done in a directed and rational manner, it is bioengineering in 
the real sense of the word.
We are now faced with the prospect of major changes in our agricultural practices. Concerns 
about soil erosion and the rapid decline in our fossil fuel reserves will require farmers to 
rethink the methods by which they cultivate, plant, and harvest their lands. In addition, 
concerns about health risks and environmental issues such as water, soil and air quality are 
beginning to impact upon the uses of herbicides and pesticides. As such concerns increase, we 
can expect that farmers will come under increased pressure to limit their use of these 
agrichemicals.
The question becomes: As world population increases placing new demands on productivity, 
how can farmers increase yield while implementing low impact farming practices and 
limiting the use of pesticides and herbicides? One of the few options remaining involves the 
manipulation of crop plants and their associated microbes to produce high yield varieties not 
dependent upon environmentally damaging farming practices. That is, we must become more 
proficient in engineering the biological components of the system.
HISTORICAL PERSPECTIVE
Man has been bioengineering since the dawn of history. One of the first steps in this process 
was domestication. Man has domesticated animals, plants, and microbes. Perhaps the 
earliest example of domestication is the use of yeast for bread-making and alcoholic 
fermentations which predates recorded history.
Early progress in breeding for domestication was based on empirical rules derived from past 
experiences. However, most domestications involved trial and error and, consequently, 
progress was slow. Such programs suffered from a lack of understanding concerning 1) the 
nature of the factors that limited yield or resulted in crop loss and 2) the laws of heredity that 
governed the inheritance and expression of agronomically important traits.
Two revolutions in the biological sciences, both occurring in the late 19th century, 
contributed to the rationalization of plant and animal breeding. The first was the 
development of quantitative biology. This led to an appreciation of living organisms at the 
cellular level, of the interactions between different organisms, and of the influence of 
environment on the growth and development of the organisms. The result was an elucidation 
of the basic mechanisms, at the levels of chemistry and physiology, by which an organism 
developed, grew, and gave rise to its next generation. The second advancement, traceable to
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Gregor Mendel, was the discovery of the laws of inheritance. The first of these provided a 
framework for understanding the parameters that limited crop growth and yield. The second, 
which signaled the beginning of quantitative genetics, defined the laws by which breeding 
could be used to improve agronomically important crop species in a directed and predictable 
manner. These two developments in the course of science changed random efforts in 
domestication to directed programs in bioengineering.
Now we are in the midst of a third revolution that imparts new meaning and opens 
completely new horizons to the concept of bioengineering. Molecular biology, and its primary 
tool, recombinant DNA technology, portend a future for bioengineering not thought possible 
even 20 years ago. The technology provides two key elements. First, the ability to isolate, 
analyze, and manipulate single genes affords a level of sophistication and precision not 
available in classical genetics. Second, the ability to insert these genes into virtually any 
organism circumvents the problems of genetic incompatibility and hybridization barriers 
that have always limited classical breeding programs. We now have the capability to isolate 
and characterize a single gene from one organism and to insert and express this gene in a 
second, completely unrelated organism. Hand-in-hand with these techniques, the 
development of methodologies for culturing plant tissue in vitro and for introducing new 
genes into this tissue and regenerating intact plants expressing these genes is even now 
revolutionizing crop breeding programs.
GENERAL STRATEGIES FOR BIOENGINEERING CROP PROTECTION
In any genetic improvement program three major considerations must be made. First, 
consideration must be given to the trait to be engineered. Possibilities include resistance to a 
pathogen or insect, tolerance to some environmental stress such as drought or salinity and 
resistance to broad-spectrum herbicides. The second consideration is related to the organism 
to be modified. In many instances this will be the crop plant itself. However, in certain cases 
it may be more efficient to engineer microorganisms that interact with the plant. This is 
especially the case where beneficial traits are polygenic or where the plant of interest is not 
yet amenable to gene insertion or regeneration. Third is the source of the gene. Here several 
options exist. One source, of course, is the plant species of interest itself. This has the 
advantage of entailing the manipulation of native genes which are known to function in the 
desired plant. But why use the new bioengineering technologies in such instances when 
classical plant breeding is available? Perhaps the gene of interest is tightly linked to some 
deleterious or otherwise unwanted trait. Or perhaps the gene of interest is not expressed at 
desirable levels or in the proper tissue types or at the required developmental stage. 
Recombinant DNA cloning followed by molecular manipulation of the gene can overcome 
these problems. The new strategies in bioengineering, however, expand the potential gene 
sources to essentially any living organism. These include other related but not cross-fertile 
plant species, unrelated plants, or even animals or microorganisms such as bacteria or fungi. 
We now have the capability to isolate genes from any of these sources and to insert and 
express them in many important crop species.
A  current example of bioengineering a plant system sufficed to illustrate implementation of 
this type of strategy.
1. The Problem
Predation of crop plants such as tomato by lepidopteran insect larval pests.
2. The Approach
It has been known for many years that certain isolates of the soil bacterium Bacillus 
thuiingiensis produce protein toxins, called BT, that selectively kill certain insect species. 
Traditionally, preparations of this bacterium have been used as dusts by farmers and home 
gardeners alike to protect susceptible plants from these insect pests. As an alternative, 
several agricultural biotechnology companies have engineered plants that themselves produce
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the bacterial toxin. The general strategy is to introduce into plants the bacterial gene that 
encodes production of BT. Such transgenic plants will produce the toxin and should, 
therefore, be resistant to predation by the insect larvae without the need for applying the B. 
thuringiensis bacterial preparation.
3. Implementation
The gene from B. thuringiensis was isolated and cloned by recombinant DNA methods. The 
gene was analyzed and engineered such that it would be expressed in plant cells. The modified 
gene was introduced into tomato cells by a plant transformation technique, and transgenic 
plants containing stable copies of the bacterial gene were regenerated. Production of the toxin 
by these plants was confirmed by biochemical and immunological analyses, and the toxin- 
producing transgenic plants were tested for resistance to tomato homworms.
4. Outcome
Those plants that were found to produce the toxin were considerably more resistant to 
predation by the tomato homworm than were the normal plants. Furthermore, larvae that 
fed on the transgenic plants quickly died, showing the symptoms of BT toxicity. These plants 
now have been tested in the field, and protection against homworm predation afforded by the 
inserted gene is excellent.
5. Variation on the Theme
As described above, it may not be necessary to engineer the plants themselves. With respect to 
the BT system, an alternate strategy is to insert the BT gene into a bacterium that readily 
colonizes the plant target site. For example, the toxin gene has been inserted into strains of 
P s e u d o m o n a s  j lu o r e s c e n s  that, unlike B. th u rin g ien s is , colonize roots or leaves. When 
applied to these target tissues, these engineered bacteria are capable of protecting the 
susceptible plants from predation by leaf and root worms sensitive to the action of the toxin. 
This strategy has the advantage that the plant itself does not produce the toxin and, thus, may 
be more acceptable in the commercial marketplace. The disadvantage is that the protective 
system is now two-component and is subject to the biological variability that governs the 
interaction between two organisms (the plant and the colonizing bacterium) under natural 
growth conditions.
CURRENT DIRECTIONS
Current emphasis in bioengineering for pest control is proceeding along several lines. In 
summary these include:
1. Protection from Insects
The BT system described above is only one of several strategies being developed to control 
insect damage to plants. A  second approach generating considerable interest concerns the 
manipulation of certain insect viruses. These agents, called baculoviruses, infect and kill 
various insect species. However, with natural viral isolates, infection and spread rates can be 
slow, and killing times can be long. Furthermore, the viruses often are pathogenic to 
beneficial insects. These factors have restricted the use of natural baculovirus isolates. 
Recombinant DNA technology is being used to modify these viruses with respect to traits such 
as increased virulence for target insects, speed of kill, host range limitation, environmental 
persistence, and economy of production and application.
2. Protection from Fungal and Bacterial Pathogens
Two approaches are being pursued to bioengineer crop protection against microbial pathogens. 
In the first, there is intense interest in identifying and isolating native plant genes that 
confer genetic resistance to particular pathogens. Once isolated and cloned, these genes can be
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inserted into virtually any plant of interest where, it is hoped, the resistant phenotype will be 
expressed. There are several obstacles to this strategy. First, it is proving extremely difficult 
to identify, isolate, and clone plant resistance genes. In part, this is because of the complexity 
of the typical plant genome. In addition, the assays for the expressed genes can be performed 
only in plants so all candidate genes must be taken to the transgenic plant stage. This is 
cumbersome, time consuming, and expensive and is not amenable to mass screening 
programs. A  second, and perhaps more worrisome problem involves the defeat of single gene 
resistance by natural genetic variability in the pathogen. It would not be economically or 
agronomically wise to expend considerable efforts to clone and manipulate single gene 
resistance traits only to have the phenotype quickly overcome by rapid mutational changes in 
the pathogen population.
A  second approach exploits the use of the new technologies to improve upon or to engineer 
biological control agents. Biocontrol is the use of a natural non-pathogenic organism to 
control disease caused by a plant pathogen. Usually, the biocontrol agent is antagonistic or 
inhibitory to the growth of the pathogen. A  limited number of biological control organisms 
are available now, and there is much work devoted to the discovery of new agents. 
Unfortunately, biological control systems using natural isolates often are not effective on a 
scale that that is economically competitive with other methods of pest control. The reasons 
for these limitations are not completely understood. However, since the agents are natural 
isolates, it is suspected that they are subject to the pressures that generally regulate 
population balances in the target ecosystems. Emphasis, therefore, is on developing an 
understanding of these factors and on using bioengineering technologies to make biocontrol 
agents more effective. Logical traits include the ability to colonize and persist in the relevant 
plant tissues (i.e., roots or leaves) and increased antagonism towards the pathogen.
3. Protection from Viruses
It has been known for many years that infection of a plant with an attenuated strain of a 
virus often makes that plant resistant to infection with virulent strains of the same or related 
viruses. The phenomenon, called cross-protection, has been the subject of intensive study. 
Molecular analysis indicated that one component of cross-protection was the production of 
coat proteins of the attenuated virus by the infected plant. Somehow, production of these 
proteins protected the plant from superinfection by the more virulent viruses. This suggested 
a strategy for bioengineering virus resistance into crop plants. Essentially, the aim was to 
identify and clone the viral gene encoding its coat protein and to insert into and express this 
gene from the plant genome. If the theory was correct, expression of the viral gene by the 
transgenic plant should protect it from infection by virulent, natural isolates of the virus.
This proved to be the case. There is now considerable effort being made by agricultural 
biotechnology companies to engineer transgenic crop plants that produce viral coat proteins 
and are thus resistant to virus infection. Transgenic tobacco and tomato plants expressing 
the TMV coat protein gene have been field-tested and found to express relatively high levels of 
resistance to TMV infection. Similar strategies have been used to engineer alfalfa plants 
resistant to AMV, potatoes resistant to PVX, PVY, and PLRV, and cucumber, cantaloupe and 
squash resistant to CMV. Many of these bioengineered plants are currently being field-tested 
to determine the effectiveness of the resistance on a commercial scale.
SUMMARY
Two points concerning efforts to bioengineer agronomically important crop species need to be 
emphasized. First, the technologies of molecular biology open new vistas to the plant breeder. 
No longer is he restricted to germplasms genetically compatible with the plant species in 
question. The techniques of recombinant DNA, plant transformation, and plant tissue 
culture and regeneration make it possible to borrow genes from any organism for insertion 
and expression in plants. Thus, the entire world's gene pool is available to the modern-day 
plant breeder.
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Second, it becomes important now to fully understand the factors, both environmental and 
biological, that influence growth and yield of crop species. It is only with such knowledge 
that intelligent and rational strategies, aimed towards engineering improved crop species, can 
be developed. This requires a re-emphasis on the value of basic research into areas such as 
plant molecular biology, plant physiology and biochemistry, and the ecology of plant habitats 
including the interaction between crop plants and their associated microorganisms.
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Status of the IDOA Agrichemical Facility 
Containment Program
W. Goetsch and C. Sinnott
The Illinois Department of Agriculture’s thrust in environmental protection for the 1990s has 
begun and is moving ahead successfully. On January 1, 1990, the State Legislature 
amendments to the Illinois Pesticide and Fertilizer Acts which created the Agrichemical 
Facility Containment Program - became effective. The amendments were designed by the 
Bulk Rules Committee (made up of industry, university, and government representatives) to 
provide an environmental protection program for facilities handling and storing pesticides 
and fertilizers. The Program requires that facilities install secondary and operational 
containment systems, as well as utilize sound management practices, in order to avoid 
contamination and potential remediation problems. In an era of environmental protection 
movements, growing concern over soil and groundwater problems, and liabilities over 
property transfer, the program offers facilities new management techniques for agrichemical 
handling and storage.
REGISTRATION RESULTS: A LOOK AT THE STATUS OF THE INDUSTRY
The Program has been very favorably received by industry and environmental groups alike. 
All existing agrichemical facilities were required to register with the Department by March 
30, 1990. To date, approximately 1,260 facilities have complied. The information collected 
from the facility registration phase of the program gives an interesting picture of the 
industry. Over 81% of the 1,260 registered facilities are classified as commercial retail 
dealers, 7% are large lawncare operations, 6% terminals, 4% other (aerial applicators, 
manufacturers, and custom applicators), and 2% of the registered facilities are 
noncommercial facilities (farmers). Over 60% of the facilities in Illinois handle bulk 
pesticides. Of those facilities, 90% currently have in place secondary containment to protect 
their bulk storage tanks. Seventy-five percent of the registered facilities utilize bulk liquid 
fertilizer storage tanks. These storage tanks are not protected to the same degree as the 
pesticide storages of which 35% of the 946 facilities currently utilize secondary containment 
structures. The large tanks which store over 100,000 gallons of liquid fertilizers present a 
unique challenge in environmental protection technology. At this time, there are 105 
facilities statewide that have such structures. Forty-two percent of these facilities currently 
have some form of secondary containment protecting the large storage tanks. Various other 
statistics describing the status of the agrichemical industry in Illinois are shown in Table 1.
The data describing water supply protection are also of great interest when considering the 
impact of the proposed technical regulations under consideration at the Illinois Pollution 
Control Board. Approximately 31% of the registered facilities are located within 1000 feet of 
a community water supply well, five percent are within 400 feet, and two percent or 19 
agrichemical facilities are located within 200 feet of a community water supply well. These 
facilities may be required to meet the containment rules as well as engage in some form of 
groundwater monitoring as a condition of continued operation within such close proximity of 
a community water supply. The registrations also indicated that many facilities depend on 
their own private water supply wells. Water supply sources of agrichemical facilities include 
43% private wells, 50% public water supplies, and 7% other sources such as rivers and ponds. 
The number of facilities which currently have backflow protection in place number 351 or 
28% of the facilities registered. Protection methods include both reduced pressure, principle 
backflow preventors, and fixed air gaps/break tanks.
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FIELD STAFF ACTIVITIES
The Agrichemical Containment Program is currently staffed with a Program Manager, three 
Environmental Protection Specialists, and two Environmental Protection Engineers. The 
Department has attempted to consolidate a variety of educational backgrounds as well as 
types of experience relative to the industry in assembling the program staff. The specialists 
are equipped with knowledge and experience specific to the operation and construction of 
agrichemical facilities and containment structures. This is particularly important in a 
permit and compliance program that is reliant on performance based management 
techniques. The Program Staff is responsible for permit application review, technical and 
educational assistance to regulated facilities, compliance inspections, complaint 
investigations, and groundwater sampling. The staff have been trained on the various 
operations of IEPA to coordinate joint responsibilities and enhance the working relationship 
among all concerned parties.
The field staff members, with the exception of one Specialist, are located in their assigned 
regions, as illustrated in Figure 1. The third Environmental Protection Specialist is located 
in the Springfield Office. The Department has integrated permit review staff and field 
operations staff. This efficiently utilizes staff time and expertise and ensures that permit 
review staff is familiar with the scope of operations which occur at agrichemical facilities.
An understanding of the day to day activities of a facility is imperative to both the permit 
review process and compliance inspections.
The Department's field staff members are presently visiting facilities to confirm the 
information submitted on the registration form and to review the new rules with facility 
personnel. The registration process was utilized by the Department to issue a compliance 
schedule unique to each facility. The variations in compliance deadlines are based upon the 
amount of containment provided at a facility prior to the adopted date of the rules. The first 
stetp of the compliance process for any facility will be the submittal of a permit application. 
The permit application is a tool for the facility to convey to the Department's staff the 
approach it will take to comply with secondary and operational containment systems for 
liquid agrichemicals and dry fertilizers. The remaining compliance dates are based upon the 
timeline within which the facilities must have these systems in place. For example, if a 
facility with liquid pesticides, liquid fertilizers and dry fertilizers has no containment in 
place as of January 1, 1990, the following would be the compliance schedule issued: Permit 
application, January 1, 1991; operational containment, January 1, 1992; secondary 
containment for liquid pesticides, January 1, 1993; secondary containment for liquid 
fertilizers, January 1, 1994; containment for dry fertilizers, January 1, 1995. The time 
frames would be slightly extended for containment systems in place prior to January 1, 1990. 
The compliance deadlines for all dry fertilizers, dry fertilizer blending operations, and non­
commercial facilities is January 1, 1995. The compliance deadline is extended further for 
fertilizer tanks in excess of 100,000 gallons. The compliance schedules for all registered 
facilities are illustrated in Table 2.
While containment systems are the most visible, most discussed, and most costly components 
of a facility, the Program Staff encourages facilities not to diminish the importance of 
management techniques associated with these systems. A  containment system is only 
effective in environmental protection if it is properly managed. Any accumulation of 
rainwater (in an outdoor structure) must be removed from the containment area after each 
rainstorm. The collected rainwater may not be discharged as stormwater unless the 
containment area is clean and free of agrichemical residues. Contaminated stormwater must 
be collected and stored for reuse/recycling or proper disposal. Operational areas must be 
cleaned after any spill or leakage. At the close of each application season, the area must be 
thoroughly cleaned and inspected, including pits, sumps, pipes and structures. Empty 
pesticide containers and unwashed application equipment must be stored indoors or over 
contained areas to prevent contact and run-off from precipitation and ashes. The Rules 
addressed all of these concerns, as well as many others. The field staff members are 
attempting to convey these requirements to facility managers during their site visits.
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As another attempt to convey management techniques as well as to provide a walk-through of 
the permit application process, the Department co-sponsored a series of Permit Workshops 
with the Illinois Fertilizer and Chemical Association this past summer. Participants had an 
opportunity to ask in-depth questions regarding the process and left the session with a sample 
permit application. The workshops were very well attended. The Department will continue to 
develop these types of programs to provide guidance to facilities as they move through the 
regulatory processes associated with Containment Rules for Agrichemical Facilities.
PERMIT APPLICATION REVIEW PROGRESS
The Department has received and processed approximately 80 permit applications since the 
beginning of the year. As of October 12, 1990, 10 permits have been issued. The other 
applications have been returned to the applicants for additional information or have been 
denied due to lack of information. Although this number of approved permit applications 
may not seem overwhelming, one must remember that the program, staff, and all other 
components of the process did not exist just 12 months ago. Also, the logistics involved in 
reviewing a comprehensive permit application and coordinating that review with another 
government agency are not accomplished easily. The Department is attempting to streamline 
the process as much as possible and will do everything necessary to ensure that every 
submittal receives a timely review. The following action list describes the various phases that 
a typical permit application goes through on its way to becoming an IEPA endorsed IDOA 
Agrichemical Facility Permit:
1. Receipt of the Application at IDOA;
2. Completeness review by IDOA Staff to ensure that all pertinent components are 
present. If components are missing, a Notice of Incompleteness is issued to the 
applicant and the application is returned. If the application is complete, within 
3 days of receipt, one copy is forwarded to IEPA Water Division and a letter 
indicating such is sent to the Applicant;
3. IDOA and IEPA conduct their separate technical reviews of the application. At 
IEPA, this may include both the Water and Air Divisions as well as their 
regional field staff. At IDOA, this includes primarily the office staff and 
perhaps a visit by a field staff member to the site for clarifications, if 
necessary;
4. IDOA/IEPA Joint Review Meeting. This is done either in person or over the 
phone. A  draft permit, endorsement, or any questions by either group are 
assembled into a single document;
5. Additional Information Letter or Permit. If there are questions, an Additional 
Information Request Letter is sent to the applicant with a detailed description 
of the deficiencies of the application. If there are no questions, a permit and 
endorsement are issued to the applicant;
6. IDOA Receipt of Amendments to an Application. Upon receipt of a response to 
an Additional Information Request Letter, the IDOA will review the 
amendments and prepare either a permit or a second Additional Information 
Request Letter. In most cases, if there are questions at this point, an attempt is 
made to resolve the matter over the phone. IDOA and IEPA conduct their joint 
review and issue their permit and endorsement to the applicant upon resolution 
of any questions.
The time from receipt of an application to issuance of the initial Additional Information 
Request Letter has been 4 to 6 weeks during the beginning stages of the program. Our goal is to 
reduce the time required for permit review to 2 to 3 weeks and less, if possible. The two major 
steps that a facility can take to speed up the process are: 1) submit as complete an application 
as possible and 2) return the answers, drawings, specifications, etc. requested in the 
Additional Information Request Letter as soon as possible. By submitting a complete 
application, a facility minimizes the possibility of additional questions. Once an application 
is jointly reviewed and a request letter issued, it no longer must wait in line with the other
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applications. The amendments are reviewed as soon as they are received and thus, a permit 
could be issued as quickly as a couple days to one week after the receipt of the application 
amendments.
ENFORCEMENT ACTIVITIES OF THE PAST YEAR
A major component of any regulatory program is its enforcement structure. The Department 
has the ability to conduct administrative hearings in lieu of submitting cases to the court 
system in most circumstances. The administrative hearing process streamlines enforcement 
cases and allows both the facility and the Department to take actions and move forward. To 
date, very few violations of the Containment Rules have resulted in an administrative 
hearing. The hearing has been viewed as a last resort in encouraging a facility to comply with 
rules and regulations. Failure to register, after repeated warnings, is the most common 
violation. Another type of violation that the Department is encountering in increasing 
numbers is failure of a facility to acquire a permit prior to construction of secondary or 
operational area containment systems. While it is encouraging to the Department that 
facilities want to move ahead with environmental protection systems, it also raises much 
concern. The Rules are very specific regarding the standards or guidelines under which these 
systems are constructed. The permit application allows the Department to verify that 
construction efforts are in compliance. It would be very disheartening to a facility to make a 
major investment in containment that could not be permitted or that could not provide 
environmental protection as was the intent. For these reasons, the Department takes the 
permit process veiy seriously and encourages facilities to allow ample time for permit 
application review prior to construction. The Department also is currently pursuing changes 
to the Illinois Pesticide Act which would create monetary penalties for various violations of 
the containment rules. These monetary penalties would allow the Department more latitude 
in the resolution of violations than is currently allowed by statue which consists primarily of 
stop sale and use orders and the revocation of licenses and permits.
OTHER ACTIVITIES RELATED TO THE PROGRAM
The concern regarding the construction of expensive containment systems on soils that 
already may be contaminated by years of operational spillage of agrichemicals is real and 
certainly understandable. Confusion about what constitutes soil contamination, what needs 
to be cleaned up, and what are cost effective ways of remediating these sites has been very 
apparent. The agrichemical industry made a giant step towards answering these questions 
and others last summer when Public Act 86-1171 was signed into law. This Act provides for 
the creation of the "Agrichemical Incident Response Fund" designed to provide financial 
assistance to agrichemical facilities that have experienced an incident or implemented 
emergency response measures as a result of the release of an agricultural pesticide. The Fund 
also is available to the Department in the event emergency action must be taken to protect 
public health or the environment from an imminent threat posed by a release. The Act also 
addresses the issues of soil contamination and remediation by requiring the Department to 
develop and the State Interagency Pesticide Committee to approve procedures, methods, and 
guidelines for addressing agrichemical pesticide contamination at agrichemical facilities in 
Illinois. The following is included in the description of items that are necessary in meeting 
the requirements of addressing contamination levels at agrichemical facilities in Illinois:
1. an evaluation and assessment of site conditions and operational practices:
2. a determination of what constitutes pesticide contamination;
3. cost effective procedures for site assessments and remediation technologies;
4. achievement of adequate protection of the public health and the environment.
The Act also provides for the Department to develop operational control practices and to issue 
written authorizations to facilities for the land spreading of contaminated soils on 
agricultural sites. The Department may, upon request, provide a written authorization to the 
owner or operator of an agrichemical facility for the land application of pesticide 
contaminated soils at agronomic rates. Such authorization shall prescribe appropriate
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operational control practices to protect the site of application and shall identify both the site 
of remediation and the site or sites where such land application will take place. The results 
of these activities will provide the Department as well as to the regulated community, the 
legislature, and other interested parties a snapshot view of the condition of agrichemical 
facilities and the contamination problems they will be faced with in the near future, 
including estimates of the long term financial resources necessary for remediation. The 
results will verify the need for development of a statewide consistent program designed to 
bring agrichemical facilities into compliance and assist them in correcting the mistakes of 
past practices.
SUMMARY
The past year has seen the Agrichemical Facility Containment Program grow from a simple 
set of proposed rules to a full blown regulatory program with permanent field and office staff. 
Both the Department and industry already have walked a long path from the early days of the 
Bulk Rules Committee, but both have more miles to travel. We at the Department realize that 
this program is new to both industry and government, and we recognize that there will be 
complaints and misunderstandings as the program unfolds and as compliance deadline dates 
pass. We are committed to enforcing the rules fairly and evenhandedly, and we invite anyone 
who has suggestions or comments about the program, its rules, and the interpretations of 
those rules to make the issues known so that we all may be able to address them and ensure 
that the program, which was designed to ensure the safe storage and handling of 
agrichemicals, is successful.
97
Table 1. Facility registration data summary from the Illinois Department of Agriculture
Agrichemical Facility Containment Program, October, 1990
FACILITY TYPE
Non commercial 28 ( 2%)
Commercial distributor - warehouse/terminal 70 ( 6%)
Commercial retail dealer 1,019 (81%)
Lawn care service 94 ( 7%)
Other: Aerial applicators, manufacturers, custom applicators 52 ( 4%)
BULK PESTICIDE STORAGE TANKS
Number of facilities with bulk pesticide storage 761 (60%)
Existing secondary containment
yes 681 (90%)
no 50 ( 7%)
partial 28 ( 3%)
BULK LIQUID FERTILIZER STORAGE LESS THAN 100,000 GALLONS
Number of facilities with bulk liquid fertilizer 946 (75%)
Existing secondary containment
yes 329 (35%)
no 507 (54%)
partial 100 (11%)
BULK LIQUID FERTILIZER STORAGE GREATER THAN 100,000 GALLONS
Number of facilities with bulk liquid fertilizer 105 ( 8%)
Existing secondary containment
yes 44 (42%)
no 58 (56%)
partial 2 ( 2%)
PACKAGED PESTICIDES
Number of facilities warehousing minibulks 675 (53%)
Existing secondary containment 
yes 275 (41%)
no 400 (59%)
Facility utilizes a spill response plan 
yes 852 (67%)
no 411 (33%)
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Table 1. (continued) Facility registration data summary from the Illinois Department of
Agriculture Agrichemical Facility Containment Program, October, 1990
OPERATIONAL AREA CONTAINMENT
IEPA:WPC: Agrichemicalwastewater collection and recycling system permit:
yes 82 ( 7%)
no 1181 (93%)
Loading area containment with recovery system:
yes 345 (45%)
no 154 (20%)
partial 266 (35%)
Unloading containment: yes 458 (36%)
no 805 (64%)
Loading operations over a scale pit:
yes 78 ( 6%)
no 1185 (94%)
Underground collection/recovery tanks:
yes 108 ( 9%)
no 1155 (91%)
DRY FERTILIZER
Number of facilities with dry fertilizer storage 993 (79%)
Facility functions - storage
Enclosed 808 (81%)
Open front 157 (16%)
Other 28 ( 3%)
Seasonal outside storage 79 ( 8%)
Facility functions - operations
Front end loader under roof 527 (53%)
Front end loader outside 396 (40%)
Weigh hopper under roof 456 (46%)
Weigh hopper outside 375 (30%)
Applicator loading under roof 123 (10%)
Applicator loading outside 765 (77%)
DRY FERTILIZER BLENDING
Currently impregnating 206 (16%)
Considering impregnation process 73 ( 6%)
Blending within city limits 338 (27%)
Has a IEPA APC blending permit 394 (31%)
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Table 1. (continued) Facility registration data summary from the Illinois Department of
Agriculture Agrichemical Facility Containment Program, October, 1990
WATER SUPPLY
Facilities with a private well on site 538 (43%)
Facilities connected to community water supply 636 (50%)
Facilities with other water sources 109 ( 7%)p
Systems with backflow protection 351 (28%)
Distance to community water supply wells:
Less than 200' 19 ( 2%)
200' to 400' 41 ( 3%)
400’ to 1,000’ 402 (32%)
PESTICIDE CONTAINER DISPOSAL
Triple/pressure rinse - haul to landfill 280 (22%)
Triple/pressure rinse - waste pickup service 271 (21%)
Bum in field at application site 353 (28%)
Bum at facility 399 (32%)
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Table 2. Compliance schedule for the Agrichemical Facilities Containment Program based 
on existing operational area and secondary containment structures, October, 1990
Complete permit application for all facilities except for large tanks:
January 1, 1991 
January 1, 1992 
January 1, 1993
338 facilities 
431 facilities 
343 facilities
Complete permit application for large tanks (greater than 100,000 gallons):
January 1, 1995 101 facilities
Complete operational containment facilities construction:
January 1, 1992 
January 1, 1993 
January 1, 1994 
January 1, 1995
331 facilities 
412 facilities 
0 facilities 
360 facilities
Complete secondary containment facilities construction for liquid pesticide tanks:
January 1, 1993 
January 1, 1994 
January 1, 1995
107 facilities 
378 facilities 
317 facilities
Complete secondary containment facilities construction for liquid fertilizer tanks with 
individual tank capacities less than 100,000 gallons:
January 1, 1994 636 facilities
January 1, 1995 307 facilities
Complete secondary containment facilities construction for liquid fertilizer tanks with 
individual tank capacities greater than 100,000 gallons:
July 1, 1997 102 facilities
Dry fertilizer facility compliance date:
January 1, 1995 907 facilities
Non-commercial facility (farmers) compliance date:
January 1, 1995 22 facilities
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F ig u r e  1. Agrichemical Facility Containment Program Staff
Illinois Department of Agriculture
P.O. Box 19281
Springfield, Illinois 62794-9281 
(217) 782-7655
CENTRAL OFFICE: Warren D. Goetsch, P.E.
(217) 782-7655 Chief, Bureau o f Laboratories
Carol Sinnott, Manager
Groundwater/Agrichemical Containment Program
Daniel T. Connelly 
Environmental Protection Specialist
FIELD OPERATIONS:
EASTERN ILLINOIS:
Douglas C. Owens 
Environmental Protection Engineer
SOUTHERN ILLINOIS:
Keith A. Fricke
Environmental Protection Specialist
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Results of a Pilot Program in Macon County:
Unwanted Pesticides
W. Anderson
A  1990 amendment to the Illinois Pesticide Act mandated that the Illinois Department of 
Agriculture pilot two projects whose purpose would be to collect unwanted pesticides from 
farmers in Illinois. These programs were to be done cooperatively with a local entity in order 
to share the related expense up to $50,000. The Monsanto Company agreed to cooperate in a 
pilot project in Macon County.
A  task force chaired by Mr. Stu Hawbaker, the local extension advisor, was assembled; it 
included the Farm Bureau, members of the Illinois Fertilizer and Chemical Association, the 
Macon County Board and Macon County Fair Association as well as members from the Illinois 
Department of Agriculture. This committee was very helpful. Some of their duties included 
conducting surveys before and during the collection day as well as providing publicity and 
traffic control.
A  preliminaiy survey revealed that approximately 100 farmers had pesticides that they desired 
to dispose of for a variety of reasons. Some pesticides were cancelled while others were too old, 
were adulterated, or were inherited along with a farm.
The collection was held at the Macon County Fairgrounds on September 5, 1990. Eighty-seven 
farmers brought in 623 gallons and 6,725 pounds of pesticides, the equivalent of approximately 
13,000 pounds.
The Department of Agriculture negotiated with SET environmental hazardous waste hauler to 
pick up and dispose of these pesticides. The estimated cost of $8.50 per pound or a total of 
$110,000 exceeded the original budget of $50,000. The additional cost will be paid up by the 
Department from the Pesticide Control Fund.
The on-site survey on collection day revealed that most farmers would contribute towards the 
cost of future disposal programs. They did indicate, however, that if the product was cancelled, 
the government should incur the cost associated with the proper disposal of the pesticide.
Overall the program was highly successful. A  report of the results will be presented to the 
Legislature in the near future.
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Pesticide Container Recycling
R. May
ABSTRACT
Each year nearly 40 million pounds of high density polyethylene (HDPE) are used to package 
crop protection chemicals (CPC) in the U.S. The majority of these containers are emptied and 
triple-rinsed then burned or disposed of in area landfills. Open-field burning is temporarily 
allowed in some states. In other states, the law prohibiting such burning is not enforced.
With the eventual banning of open-field burning of pesticide containers or the enforcement of 
existing laws and the well-publicized shortage of landfill space, the CPC industry is looking 
seriously at the available container disposal options. One option is recycling, the subject of a 
demonstration project carried out in several States in 1989 and 1990. These projects, 
coordinated by Dupont, the National Agricultural Chemicals Association (NACA), and various 
State regulatory and agricultural associations, address rinsing, collecting, granulating, 
shipping, and processing. The participants are collecting data on possible chemical residues 
remaining in the container and on the resin. Dupont and Central Container Corp. made new 
pesticide containers from the reclaimed resin and evaluated them in the laboratoiy and the 
field. Additionally, the material can be converted into such items as field drain pipe, pallets, 
drums, specialty containers, or refuse-derived fuel. The CPC industry is supporting NACA and 
other state and provincial organizations in conducting additional demonstration projects, 
with a goal of learning how to easily and economically recycle all HDPE pesticide containers.
SOURCE REDUCTION, RECYCLING, AND DISPOSAL
For many years the crop protection chemical user has been faced with the problem of 
disposing of the plastic jugs in which these valuable and essential products are packaged, 
stored, and delivered. The tough, convenient containers, which have been carefully designed 
by the industry to protect the product from the environment and the environment from the 
product, become hazardous, unwanted trash as soon as the contents are emptied into the spray 
equipment. A  large applicator can generate thousands of empty containers each week during 
peak season. In 1987, nearly 20,000 tons of HDPE CPC jugs were emptied and disposed of in 
landfills or by open-field burning.
Landfills are rapidly filling up and closing. In the ones that still have adequate space, the 
landfill operators may be reluctant to accept pesticide containers or may charge a veiy high 
fee for dumping privileges. Plastic containers never degrade and needlessly occupy valuable 
landfill space.
Many farmers have solved their container disposal problem by burning the jugs at the points 
where they are emptied. This is a very attractive solution since it is immediate, complete and, 
in some instances, the ash can simply be tilled into the soil. Open-field burning, however, is 
not a veiy attractive solution to the farmer’s neighbors or to the EPA and state regulatory 
agencies because of air pollution and groundwater concerns. Some states have temporarily 
permitted open-field burning because of the lack of other options. Other states prohibit such 
burning but may not enforce the regulations.
NACA, EPA, and the CPC industry have looked at the available options for solving the 
pesticide container disposal problem. NACA has proposed a pesticide container management 
hierarchy which sets the following priorities:
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1. Source Reduction (soluble bags, retumables, smaller containers,
degradables, bulk)
2. Recycling; and
3. Disposal (landfill, incineration).
The CPC industry has addressed all the source reduction options and feels that each of those 
options can help to reduce the total number of containers. All the options, except degradables, 
are currently being utilized. No one option, however, can be expected to solve all the 
problems.
Soluble bags are commonly available with selected products and are attractive to most users. 
They are not a cure-all because they are expensive, may be fragile, are not well suited to 
liquids, and require a foil overpack.
Refillable containers of all sizes are becoming a very attractive alternative to the plastic jug. 
Most users, however, may not need 15-200 gallons of pesticide and would prefer the 2.5 and 5 
gallon plastic jug. Smaller retumables are possible but would be expensive to maintain and 
support. Additionally, if the container can be opened by the user, it has a chance of being 
contaminated. Bulk containers are currently favored by the large applicator but may account 
for only a small percentage of product.
Smaller or fewer containers are possible with concentrated formulations or with products 
that have very low use rates. This is a long range goal of the CPC industry, but any solution 
requiring discovery or reformulation is of questionable value in solving the current container 
disposal problem.
Degradable technology is not yet sufficient for pesticide packages. Shelf life and package 
integrity are questionable, to say nothing of the actual degradability. We do not see 
degradable packages having a measurable impact on the immediate pesticide container 
market.
The HDPE container has become a valuable choice in the packaging of crop protection 
chemicals. It is tough, chemically inert, attractive, convenient, and available in a variety of 
sizes and shapes. The 2.5 gallon jug, the most common size, suits a wide range of applicators’ 
needs. It contains about 0.75 pounds of HDPE resin, has a standard 63 mm opening, can be 
handled easily, and is reclosable.
The tough, inert properties that make the HDPE container attractive also make it difficult to 
dispose of. If left exposed to the elements for 100 years, the HDPE container would probably 
not be visibly changed. A  logical option for disposal is to collect and return them to the 
proper facility for recycling.
Since HDPE is currently the only plastic used to make CPC containers, any recycling effort is 
not faced with the tedious sorting chore that is needed for residential plastic trash, which 
may contain polyethylene terephthalate (PET) soda bottles, polystyrene, and coextruded food 
containers. Additionally, the resin used in CPC containers is a very high grade blow molding 
resin as required to pass DOT shipping tests.
Recycling properly rinsed pesticide containers can be carried out in many different ways, but 
we visualize a six step operation: 1) Collection; 2) Granulation; 3) Shipping; 4) Cleaning; 5) 
Extrusion; and 6) Re-use.
Choosing a collection method is one of the most challenging parts of the operation. These can 
vary all the way from picking up the containers at the point of use to having the user deliver 
the empty containers to a designated collection point. One system has the user take the 
containers to the landfill where they would normally go. Here the containers could be 
isolated and held for volume reduction and shipment to a processing facility.
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The volume reduction step is needed because uncompacted containers are not cost-effective to 
ship. A  45-cubic-foot bale of jugs (500 pounds) contains about 1000 jugs that would occupy 650 
cubic feet before compacting. This represents about a 15X compaction and gives a shippable 
material with a density of 11-12 pounds per cubic foot. A  45-cubic-foot box of granulated 
material would weigh about 1100 pounds for a density of about 25 pounds per cubic foot.
Shipping to a reclamation facility should be the only major transportation involved and will 
cost $.50-$ 1.10 per mile. Assuming a full 40,000 pound load, a 1000 mile trip would cost 
$0,125-0.275 per pound.
At the reclaiming facility the containers are cleaned to remove labels, dirt, and chemical 
residues. This can be accomplished by a "wet" or "dry" procedure. With the "wet" process, the 
flakes are washed in hot soapy water then filtered and dried. Pesticide residues in this 
washwater are very small and occur as hydrolysis products of the active ingredients. The 
water should be recycled on-site to remove paper, foil, sand, and other dense material and 
must be periodically treated to remove soluble organics. The "dry" process involves air 
separation to remove light, fine material then heating under vacuum to remove organics.
The clean resin is dried and extruded into pellets. These pellets can be used to manufacture 
any appropriate blowmolded HDPE product. The clean, dry flake has a density of 25 pounds 
per cubic foot and is worth 12-18 cents per pound while the pellets have a density of 35 pounds 
per cubic foot and a value of 18-25 cents per pound.
PILOT PROJECTS
During the summer of 1989, all the ideas for a pesticide container recycling project were put to 
the test during a pilot project in Washington County, Mississippi. NACA and the Mississippi 
Department of Agriculture and Commerce began organizing the Mississippi Pesticide 
Container Rinsing, Collection, and Recycling Demonstration Project in the fall of 1988. The 
original project was under the direction of Dr. Earl Spurrier, Vice-President of State Affairs of 
NACA, and Robert McCarty, Deputy Director of the Division of Plant Industry of the Miss. 
Dept, of Agriculture and Commerce.
The Mississippi Project was divided into four tasks: 1) Container Rinsing: 2) Container 
Collection: 3) Recycling; and 4) Project Assessment and Recommendations.
The container rinsing task included media announcements, promotional displays and 
handouts, educational materials, and a survey of available rinsing equipment. ICI purchased 
650 pressure-rinsing nozzles and distributed them to the local users with brief written 
instructions for use. The Jet-Rinse nozzles were manufactured by Select Styled Systems, Ltd., 
Palmer, Iowa.
Eight aerial applicators volunteered their properties to be collection sites. The empty, 
properly rinsed containers were delivered to these sites and placed in cotton wagons until the 
Washington County Commissioners arranged delivery to the initial processing facility. The 
original plan called for specific monthly collection dates but was modified to be open all 
summer beginning in May 1989. The containers were periodically checked by Bill Barnett, 
Mississippi Department of Natural Resources, and his staff and certified to be properly rinsed, 
clean solid waste.
In March 1989, Dupont was given the opportunity to participate in the "Mississippi Project" 
and was permitted to conduct research in the area of compacting, shipping, sample collecting, 
processing and reclaiming. All aspects of the program after the containers were delivered to 
the compacting facility were placed under the direction of Dr. Ralph F. May of Dupont. Robert 
McCarty, Mississippi Department of Agriculture, directed the overall program with specific 
responsibility for education, communication, collection, and initial transportation. Dr. Earl 
Spurrier, Vice-President of State Affairs, and Tom Gilding, NACA Director of Environmental
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Affairs for NACA, coordinated the overall program. The program was continually reviewed 
by the NACA Pesticide Container Management Task Group.
Volunteers transported the containers from the collection sites to a retired cotton gin in 
Elizabeth, Mississippi. The mill is owned and operated by Mr. Rex Livingston, a local farmer. 
The containers were placed on a chain drag and dropped into the top of the press. Each bale 
weighed approximately 500 pounds, contained approximatley 1000 containers, and was tied 
with 6 wires or metal straps. The bales were moved manually and stored at the cotton gin 
until shipped.
On August 16, 28 bales of plastic were shipped by Dupont to United Resource Recovery (U2R) of 
Kenton, Ohio (a subsidiary of Hancor). The remaining 14,000 pounds were picked up and 
processed under the direction of Envirecycle of Kansas City. The objective of both companies 
was to assist the program in determining the feasibility of processing and reusing the 
recovered resin.
U2R processed the first 14,559 pounds of baled bottles on February 26-27, 1990 to give 
approximately 12,534 pounds of reclaimed resin. Eleven thousand pounds of this material 
were in the form of extruded pellets. The 2025 pounds loss was attributed to samples, spillage, 
plastic labels (about 200 pounds), paper labels, closures, foil, and attached booklets. The 
attached booklets were flaked with the bottles and accounted for so much paper that the 
screens in the wash system frequently became clogged.
Most of the pellets were used by the participating NACA companies for extrusion studies, 
primarily into containers. Samples of the unwashed flake, washed flake, pellet, wash water, 
and paper sludge were analyzed to determine possible pesticide residues.
In 1990, Mississippi expanded its collection program to about 8 counties in the Delta, and Rex 
Livingston purchased a granulator which he transported from site to site. The amount of 
plastic collected in Mississippi in 1990 is expected to approach 200,000 pounds.
Minnesota graduated from its Rinse-and-Win education program used in 1989 to a collection 
program covering about 8 counties. The containers were inspected by the Minnesota 
Department of Agriculture and granulated by Envirecycle. The 1990 collection will amount to 
about 8,000 pounds.
In Iowa, Dan Frieberg of the IFCA ran a State-wide program involving collection sites at over 
30 landfills. The landfill operators performed the inspections and Tri-Rinse performed the 
granulation. The containers were accumulated at 8 sites for ease of granulation and totaled 
about 40,000 pounds by seasons end.
In Illinois, the Illinois Department of Agriculture and the IFCA ran granulation 
demonstrations and education programs and collected about 4,000 pounds of jugs at Clayton 
Point Fertilizer as a pilot.
Steve Dwinell, Florida DER, started a pilot program involving 4 large growers in South 
Florida. Dupont, United Agri Products, and DER conducted education programs, and UAP 
provided a granulator. The containers will be granulated in late 1990.
Several other States are getting involved, and the program is expected to generate much more 
plastic in 1991. The Dupont goal is to have a national pesticide container recycling program 
in a few years.
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How Will Cover Crops Affect Insect Ecology?
K. Steffey
Current concern about contamination of the environment by agricultural pesticides and 
fertilizers has stimulated interest in crop management techniques that are defined within the 
context of sustainable agriculture. Planting cover crops is a technique that is frequently 
associated with the sustainable agriculture movement. Legume cover crops (alfalfa, hairy 
vetch, red clover, sweetclover) and grass cover crops (buckwheat, millet, rye) are planted in the 
fall to conserve soil, improve soil tilth, help suppress weeds, and/or provide a nitrogen source 
for the next season's crop. In addition, farmers are employing conservation tillage techniques 
and adopting unique crop rotation schemes that have not been widely utilized in the Com Belt 
for many years.
As a consequence of these unique cropping practices, the ecology of a field could change over 
time. In fact, the ecology of an entire region could change over time if adoption of these 
cropping practices becomes widespread. Entomologists, agronomists, and plant pathologists 
know very little about the long-term effects that these cropping practices will have on 
populations of various species of insects, weeds, nematodes, and plant diseases. As field 
habitats are altered throughout Illinois, the relationships among organisms within these 
habitats need to be examined.
WHAT DO WE KNOW SO FAR?
The use of cover crops in a crop production scheme adds plant species diversity (number of 
species) that is usually absent in a conventional rotation scheme that involves only two plant 
species, com and soybeans. The cover crop also offers a more stable and protective 
overwintering habitat than does bare or plowed ground. As a consequence, one might expect 
to find a greater diversity of insects and possibly other organisms in cropping systems that 
include cover crops. In fact, standard ecological theory indicates that greater species diversity 
leads to stability of the ecosystem over time. The theory suggests that simple ecosystems, like 
agricultural ecosystems, are less stable. Because agricultural ecosystems provide less variety 
of food and shelter and often no permanent habitat, the number of species (species diversity) 
of plants, animals, and microorganisms is greatly reduced compared to the number found in 
natural ecosystems (Flint and Roberts 1988).
Some scientists have argued that pest problems could be decreased by increasing the diversity 
of crops or other types of plants (e.g., cover crops, weeds) in a cultivated area. However, 
generalization that diversity reduces pest problems does not hold tme for many situations 
and pests and probably must be evaluated on a case-by-case basis.
A  significant body of work regarding the effects of cover crops and various tillage practices 
has accumulated in the scientific literature. Unfortunately, results from numerous research 
efforts have been highly variable and inconsistent from region to region and from year to 
year. Andow (1985) examined the published literature regarding diversity of agroecosystems 
and its impact on herbivores and predators. He encountered 228 published examples of well 
controlled studies that dealt with the effect of diversification of agroecosystems on predator 
abundance. Of the 79 species examined among the 228 studies, 48% (38 species) had higher 
populations in diverse agricultural systems, 14% (11 species) had higher populations in 
monoculture systems, 13% (10 species) showed no difference in population levels between 
diversified and monoculture systems, and 25% (20 species) had a variable response to 
diversification.
House and Alzugaray (1989) conducted a 3-year study to examine the effects of cover crops and 
tillage on soil arthropods in North Carolina agroecosystems. They evaluated soil arthropod
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population dynamics, community structure, and damage to com. They sampled three trophic 
levels—herbivores, predators, and decomposers—in plots that had been sowed to three 
different cover crops-wheat, crimson clover, and hairy vetch. Each of the plots was split into 
conventionally tilled and no-tilled subplots.
House and Alzugaray found that the effect of the cover crop on herbivore populations was 
most pronounced early in the season. Populations of herbivores were high in April, low in 
May after the cover crop was destroyed, and high again in July. Hairy vetch supported more 
herbivores than crimson clover or wheat early in the season. By July, wheat supported more 
herbivores.
In general, the abundance of predators increased between sampling dates (from April to May 
to July) and the numbers of decomposers increased rapidly early in the season. Decomposers 
made up 1/2 of the total fauna collected in wheat and crimson clover but only about 1/4 of the 
total fauna collected in hairy vetch. Decomposers were probably an important prey for the 
predators in the no-till systems.
House and Alzugaray also revealed a continuous dissipation of cover crop influence over soil 
arthropod composition throughout the season. There were more different types of arthropods 
in samples taken early in the season than in samples taken in July. After the cover crops 
were destroyed, the composition of species tended to revert to a composition similar to that in 
a conventional system.
The conclusion they reached regarding tillage effects was that conventional tillage has a more 
consistent impact on soil arthropod community composition than no-till. Soil tillage 
routinely reduces arthropod populations through exposure to unfavorable conditions such as 
desiccation, mechanical destruction, and disruption of access to food. No-till requires more 
intensive management because it enhances soil arthropod populations in all trophic groups, 
and there is greater reliance on biological control for population regulation.
The upshot of the published variability in responses of insects to cover crops and tillage is 
that there might be no useful generalities that describe how agroecosystem diversification 
affects insect populations. Although the literature provides extremely valuable guidelines for 
conducting research in this subject area, only by conducting the research under our 
environmental and cropping conditions can we determine how the use of cover crops will 
influence insects in Illinois. With this in mind, we initiated a study in 1990 to begin 
collecting the type of data we need to understand the ecology of different agricultural systems.
ECOLOGICAL SURVEY OF AGRICULTURAL SYSTEMS IN ILLINOIS, 1990
Many farmers in Illinois are experimenting with production practices that are associated 
with sustainable agriculture. They are conducting on-farm research and demonstrations to 
satisfy their own curiosity and to critically evaluate alternative practices. Of this large group 
of experimenting farmers, several are participating in a program sponsored by the Illinois 
Department of Energy and Natural Resources. Through this program, data collection forms 
were provided to participating farmers. The farmers recorded considerable information 
throughout the season, such as types of tillage practices, crop rotations, fertility levels, cover 
crops planted, equipment used, rainfall patterns, crop yields, etc. University of Illinois 
agricultural economists will analyze the data collected from these trials at the end of the 
season. Their objective is to determine the economic implications of investing in various 
sustainable agricultural practices at a farm level. However, no provision was made in this 
program to collect quantitative data regarding populations of insects, weeds, nematodes, and 
plant diseases.
In the spring of 1990, extension entomologists (Kevin Steffey, Mike Gray, and Rick Weinzierl) 
at the University of Illinois sent a proposal to the USDA requesting funds from the National 
Agricultural Pesticide Impact Assessment Program to sponsor an ecological survey of 
different agricultural systems. The proposal was awarded a small amount of funding, and the
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University of Illinois College of Agriculture Experiment Station and Cooperative Extension 
Service agreed to provide matching funds to help support the proposed survey.
The objectives of the ecological survey were to determine and compare species compositions 
and densities of populations of insects, weeds, nematodes, and plant diseases in habitats that 
characterize different agricultural systems in Illinois. The systems that were selected 
included pairings of sustainable agricultural systems and "conventional" agricultural systems. 
The sustainable systems involved the use of cover crops that were seeded the preceding fall. 
The conventional systems were traditional com/soybean rotations.
A  veteran survey entomologist (Dick Bonham) and a survey technician (Jeff Arendt) were 
hired in May, 1990 to conduct the survey. Four farmer cooperators were located in four south 
central and southeastern counties: Mike Strohm (Clark County), Wayne Weber (Richland 
County), Nick Robinson (Shelby County), and Ken Heinzman (Marion County). Fourteen fields 
(8 com fields, 6 soybean fields) were selected according to their cropping history. Of the eight 
com fields selected, four were planted conventionally in 1990 after soybeans had been grown 
in 1989; four were planted into a hairy vetch cover crop that had been sowed after soybeans 
were harvested in 1989. Of the six soybean fields selected, three were planted conventionally 
in 1990 after com had been grown in 1989; three were planted into a rye cover crop that had 
been sowed after com was harvested in 1989.
Before the survey was initiated, each field was thoroughly mapped and field history 
information forms were completed. In addition, a spring weed map of each field was 
prepared. Plant populations were determined for each field as soon as the plants emerged 
after planting.
Six pitfall traps and six Pherecon sticky traps were placed within each com field. Each was 
replaced on a weekly basis throughout the summer, and the collected specimens were returned 
to the Illinois Natural History Survey for identification. The survey personnel also conducted 
a thorough, systematic scouting trip in each com field every week. They scouted for, counted, 
and recorded numbers and species of pest and beneficial insects, plant diseases, and weeds 
during 14 consecutive weeks. In addition, weeds were examined for insect predators and 
parasitoids. Soil conditions, weather conditions, and stage of crop growth were also recorded.
The six soybean fields were surveyed on a weekly basis throughout the summer. Percentage of 
plants infected with disease and average percentage defoliation were determined at five 
1/1,000-acre sites each week. The number and species of insects (both pests and beneficials) 
per two drop cloth samples at each site were also recorded.
At the time of preparation of this paper, the data had neither been completely compiled nor 
analyzed. Determination of species captured in pitfall and sticky traps has yet to be 
completed. Although it is unlikely that we will detect significant differences from only one 
year's data, our objective is to compare numbers and species of pests and beneficials that 
occurred in sustainable systems (those with cover crops) with numbers and species that 
occurred in conventional systems.
SUMMARY
The use of cover crops, different tillage practices, and nontraditional crop rotation schemes 
will undoubtedly have an impact on insect management programs in Illinois in the future. 
However, whether we will be able to generalize about the effects of these cropping practices on 
insects and whether we will be able to utilize our information for the design of pest 
management programs are the most important questions we must answer first. We must 
continue our efforts to collect survey data and information from these nontraditional 
agricultural systems.
We have a start toward determining how cover crops might affect insect ecology in Illinois 
agroecosystems, but we still have a long way to go. After we wade through the very large
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numbers of samples that we collected In 1990, we must compile the huge amount of data and 
analyze it. And even then, we will have only a cursory body of knowledge from which to draw 
conclusions. In the meantime, we will continue to draw from the scientific literature to 
provide information to those people who are employing alternative agricultural practices.
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Cleaning Pesticide Containers 
and Spray Tanks
R. Wolf and L. Bode
All users of pesticides are confronted with several potential problems in the handling of 
empty pesticide containers, unused spray mixtures, and cleaning of application equipment. 
Proper container disposal or recycling and procedures for removing residues from application 
equipment are receiving renewed attention. Cleaning spray equipment, both inside and out, is 
a practice that has been done for many years. However, today we need to be more aware of the 
environmental concerns associated with these processes. Because of our concern for the 
stewardship of our land and water resources, indiscriminate dumping of pesticide containers 
and rinsate materials is not acceptable. Regulations actually prevent using many age old 
practices.
PESTICIDE CONTAINER RINSING AND DISPOSAL
Much has been written about the rinsing of pesticide containers before disposal. Properly 
rinsed containers can be disposed of or recycled. Rinsing is achieved by triple rinsing or by 
some form of pressure rinsing. Regardless of the method used, the proper practice would be to 
rinse the pesticide containers at the time chemicals are being added to the spray tank so that 
the rinsate can be included in the spray mixture. Basically, rinsing procedures have not 
changed. Two forms of pressure rinsing are now being used with several commercial products. 
In these procedures, the container is punctured and rinsed, and the rinsate is drained directly 
into the spray mixture.
A  new method, jug flush, has been developed which, from a practical standpoint, seems to be 
an effective way to rinse containers while loading and mixing pesticides. This practice can be 
used in both private and commercial applications. The jug flush system allows the pesticide 
container to be emptied and rinsed during the chemical adding process without puncturing the 
container while using a pressurized water source. Regardless of the system used, proper 
rinsing is essential before container disposal or recycling can occur.
CLEANING APPLICATION EQUIPMENT
Pesticide residues left in spray tanks may contaminate a subsequent pesticide mixture and 
possibly alter its toxicity. Problems with phytotoxicity to plants or other types of damage to 
sprayed surfaces may occur. Improper cleaning of spray equipment is a common cause of 
chemical misapplication. Applicators must be knowledgeable of the specific chemicals they 
are using and must be familiar with any special cleaning precautions that are on the label.
Not only should applicators be concerned with residues inside the spray equipment, but they 
also should be concered with pesticide residues on the outside of the equipment. Regulations 
no longer allow applicators to leave dirty equipment sitting in open lots around facilities. 
Either field rinsing or parking or washing on a properly designed rinse pad is required. Field 
rinsing is a viable alternative and is easily accomplished with the addition of some type of 
fresh water rinsing system on the application equipment.
Saddle tanks or separate tanks are commercially available to carry fresh water to the field 
for rinsing and cleaning. Special tank cleaning nozzles are now available that are effective 
for cleaning the interior walls of spray tanks. Many spray rigs can also be equipped with 
outside wands for field washing. However, fresh water cleaning may not be sufficient for all 
pesticide residues. In fact, phenoxy mixtures have always required special cleaning practices. 
Today, even more pesticides and chemical additives require special cleaning procedures.
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Cleaning the interior of spray tanks can be accomplished through many different procedures. 
For many applications, the practice of using ammonia and water or a detergent and water is 
still useful. Also, several commercial pesticide tank cleaning compounds are available for 
neutralizing and removing pesticide residues from the tank and lines. Cleaning compounds 
should be selected that remove chemical residues from spray equipment, remove minerals and 
rust deposits from the spray tank, neutralize acids, and leave a protective film on tank walls 
to help prevent corrosion. Table 1 lists various cleaning materials and recommended 
procedures. For best results, all unused spray mixtures should be properly disposed before 
cleaning is started in order to reduce the amount of cleaning volume. Disposing of the 
cleaning material must not damage the environment or contaminate previously stored rinsate 
mixtures. Applying the cleaning volume back on the original field or storing it in separate 
tanks at the plant are alternatives. The applicator must pay close attention to the type of 
chemical that he is spraying and any specific label directions regarding cleanup procedures. 
Some chemical companies are actively involved in developing special low-volume clean out 
procedures. Applicators must keep abreast of new cleaning information as it becomes 
available.
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Table 1. Cleaning agents, sources, and brief use instructionsa
Cleaning agent Source Instructions
Household
ammonia
Grocery outlets, 
other
1/2 cup in 2.5 gallons of water. 
Thoroughly agitate, flush small 
amount through system, and let 
remainder stand in sprayer 
overnight. Flush and rinse.
Liquid or 
powdered 
detergents
Grocery outlets, 
other
1-2 Tbsp. in 2.5 gallons of water 
to make sudsy solution. Agitate, 
flush, and rinse. Rinse with 
clean water.
Tank Care Spectrum 
Technologies, Inc. 
Plainfield, IL 
(800) 248-8873
2 quarts of Tank Care in 25 
gallons of water. Agitate 5-10 
minutes. Use hose or hand 
boom to thoroughly rinse all 
internal parts. Spray through 
boom one minute. Drain 
remainder and fill tank with 
smaller amount of water and 
drain.
Tank-Aid Com Belt 
Chemical 
McCook, NB 
(308) 345-5057
1 pound of Tank-Aid in 100 
gallons of water. Agitate 15 
minutes. Cover inside of tank. 
Spray through booms and drain. 
Rinse with clean water and 
drain.
Incide-Out Precision 
Laboratories, Inc. 
Northbrook, IL 
60065
(800) 323-6280
1 quart per 100 gallons of water. 
Agitate for 5-10 minutes. Use 
wand to clean inside of tank. 
Purge lines for one minute. 
Drain and rerinse.
Tank and
Equipment
Cleaner
Loveland 
Industries 
Loveland, CO 
80537
(800) 356-7202
1 pound to 100 gallons of water. 
Agitate 10-15 minutes. Use 
hand gun to rinse inside of 
tank. Spray through boom to 
flush lines. Rinse with water 
for reuse, but not if storing.
a Mention of a trade name is for specific information only and does not constitute a guarantee 
or warranty of the product by the University of Illinois and does not imply endorsement of 
the product over other products not mentioned. Precautions should also be taken to refer to 
pesticide and cleaning agent labels for special cleaning procedures.
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Environmental Behavior of Controlled Release 
Formulations of Pesticides
A. Felsot
INTRODUCTION
The ideal pesticide is one that would persist only during the time of pest activity and then 
degrade to environmentally inocuous compounds. The ideal pesticide would have low toxicity 
to nontarget organisms, including humans, and could be applied easily to the target crop (or 
pest) without loss to nontarget sites. Although modem pesticides range in their toxicity to 
nontarget organisms from the relatively benign (most herbicides) to the acutely toxic (most 
insecticides), all have a tendency to move from targeted sites during or after application. 
Furthermore, the dynamics of the soil and plant environment can make persistence of 
biological activity inconsistent from field to field or season to season. Formulation 
technology has been used to alter the environmental and toxicological behavior of pesticides 
so that their intended effects and unwanted side effects are more predictable. For example, 
granular formulations of insecticides applied to soil eliminate drift often associated with 
liquid sprays and deliver the toxicant directly to the pest habitat (Farrar 1953).
When applied as a liquid, a pesticide is immediately available for uptake by the pest or 
absorption by plant leaves; however, the pesticide is also very susceptible to photodegradation 
or microbial metabolism. Over the last 20 years, research has shown that bioavailability of 
active pesticides from certain formulations can be partially slowed and residual bioactivity 
can be increased. Such formulations are called controlled release (CR), although the release of 
the pesticide from the carrier is largely controlled by its diffusion from the carrier and can be 
influenced by environmental conditions (Bahadir and Pfister 1990). Currently used 
“controlled release” formulations retard the release of the chemical at best, but by no means 
can the release of the active ingredient be precisely controlled. A  working definition of 
controlled release is the slow and continuous loss of a toxicant from its formulation into the 
environmental interface over a period of months or years (Cardarelli 1976).
Controlled release formulations of pesticides have several advantages over conventional 
formulations (Marrs and Seaman 1978, McFarlane and Pedley 1978), including (1) a reduction 
in application rates, (2) a more optimal timing and duration of control, (3) an extension of 
residual bioactivity of short-lived compounds, (4) a reduction in phytotoxicity of compounds 
placed on or near crop seeds, and (5) a reduction in toxicity to humans and nontarget 
organisms. Disadvantages include (1) increased production costs, (2) possible need for special 
application equipment, (3) possible reduction in the ability to control secondary pests, and (4) 
inability to provide an immediate biological effect if needed.
The structure of all CR formulations is based on incorporation of the active ingredient into a 
polymer matrix from which the agent is released over time at the application site (Bahadir 
and Pfister 1990). The matrix acts as a depot or reservoir of toxicant. Chemical is released by 
diffusion along a concentration gradient on the surface of the matrix; release may be 
enhanced by physical erosion of the surface layer.
There are two main groups of CR formulations, physical systems and chemical systems. The 
physical systems consist of microcapsules, hollow fibres (capillary systems), porous polymers 
and gels, laminates, and polymer monoliths. Commercial physical systems of pesticides used 
in the Com Belt include the microencapsulated (ME) formulations of methyl parathion 
(Penncap-M) and alachlor (Lasso MT). Pheromones are being formulated into hollow fibres 
which are very small diameter (200-500 |im) capillaries with openings at one end.
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Pheromones are also formulated extensively as laminates in which the active ingredient is 
dispersed or dissolved in a plastic matrix that is bounded by two permeable films. A  number 
of herbicides are being dispersed in starch xanthogenate matrices which have been tested for 
their ability to allay leaching (Fleming et al. 1989) and volatilization (Schreiber et al. 1978). 
Carbofuran has been extruded with ethylenevinylacetate (EVA) polymer to make a monolithic 
formulation for use in flooded rice culture (Bahadir and Pfister 1987). Shell "No-Pest" strips 
are monolithic CR systems that slowly release the organophosphorus insecticide dichlorovos 
(Vapona) which is very effective against house flies. Biting flies can be controlled on cattle by 
the use of ear tags that are a monolithic matrix containing organophosphorus or pyrethroid 
insecticides.
Chemical systems, which are essentially experimental and do not include commercially 
available products, involve the chemical bonding of the pesticide to a matrix (Bahadir and 
Pfister 1990). The chemical is released when the bonds are broken in response to conditions 
at the application site. The requirements of the chemical system limit the kinds of chemicals 
that can be formulated.
Normally, CR formulations are tested for their biological activity in the laboratoiy or field. 
Environmental studies are usually limited to measuring release rates in water or simple soil 
systems. Environmental chemistry and toxicology of CR formulations have not been studied 
thoroughly, but it is generally believed that they work better than conventional insecticides 
because they increase bioavailability to plants and insects over a prolonged period. CR 
formulations of herbicides have exhibited improved weed control and comparatively longer 
persistence than conventional formulations. For example, residual activity of thiocarbamate 
herbicides in soil was greater when applied as starch xanthate granules than as an 
emulsifiable concentrate (EC). Presumably the starch xanthate matrix decreased 
volatilization of the herbicides (Schreiber et al. 1978). Two starch xanthate formulations and 
one ME formulation of trifluralin were more phytotoxic and more persistent than an EC 
formulation (Coffman and Gentner 1980). ME alachlor gave better weed control than EC 
alachlor with or without the presence of wheat stubble (Petersen et al. 1988); furthermore, the 
degradation rate of the ME formulation was significantly slower.
ME formulations of foliar-applied insecticides (e.g., methyl parathion and permethrin) persist 
longer and provide greater residual bioactivity than EC formulations (Henzell and Lauren 
1978, Smith et al. 1987). Cotton plants contained greater residues of dimethoate when the 
pesticide was applied to soil as a polyvinyl chloride (PVC) plastic granule than when it was 
applied as a com cob granule (Stokes et al. 1973); coincidentally control of aphids was 
significantly greater over 37 days. A  CR kraft-lignin formulation of carbofuran applied at 
one-third the rate of the conventional flowable formulation was jsut as effective in protecting 
against tungro infections in rice as the flowable formulation (Wilkins et al. 1984). When 
applied to flooded rice soil, EVA formulations of carbofuran produced an equivalent level of 
residues of carbofuran in rice plants as conventional formulations, but left lower levels of 
residues in the soil and paddy water (Bahadir and Pfister 1987). In laboratory studies, CR 
granules inhibited carbofuran degradation in soils conditioned for enhanced biodegradation, 
but field efficacy against com rootworms was not improved over that of the conventional 
sand-coated formulation (Felsot and Tollefson 1990). The latter study illustrated the 
problems that can occur when it is necessary to achieve a balance between bioavailability and 
persistence (Marrs and Seaman 1978).
Limited studies have investigated off-site movement of CR formulations. Release of aldicarb 
and dimethoate into water and soil was significantly slower from several plastic CR 
formulations than from com cob formulations (Stokes et al. 1973); these data would imply 
that the pesticide would be less availabe for mass transfer by moving water. Leaching of 
EPTC, alachlor, and metolachlor in a nursery soil was reduced when the herbicides were 
applied as slow release plaster of paris tablets rather than as clay coated granules (Koncal et 
al. 1981). Starch encapsulations of alachlor applied to a sandy soil did not reduce the depth 
of leaching any more than the EC formulation, but the center of mass was closer to the soil 
surface (Fleming et al. 1989). Runoff losses of ME alachlor were greater than losses of EC
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alachlor (Kenimer et al. 1989); the difference could be accounted for by significantly greater 
losses of ME alachlor with eroding soil (Table 1). These data suggested that microcapsules are 
carried in runoff water as if they were soil particles. On the other hand, surface losses of 
terbufos (Counter) formulated as PVC granules (monolith CR system), which are much larger 
than microcapsules, were generally not significantly different than surface losses of terbufos 
formulated as the conventional clay granule (Kenimer et al. 1989; Table 2). Although ME 
formulations of several organophosphorus insecticides exhibited lower toxicity to fish than 
EC formulations, their persistence in water was significantly prolonged (Jarvinen and Tanner 
1982).
One aspect that has been neglected in environmental studies of CR formulations is the fate of 
the pesticide remaining in the polymer matrix after pest activity has subsided. If substantial 
amounts of residual pesticide are left in the polymeric matrix, toxicant can be released after 
heavy rain falls later in the growing season and can be transported to surface or ground 
water, thereby prolonging off-site contamination. Another issue is the ultimate fate of the 
polymer matrix itself, especially if the formulation is based on plastics. Recently the former 
issue was addressed for a plastic CR formulation of terbufos (Felsot 1989). A  wet-sieving 
method was used to isolate plastic granules from a silty clay loam soil 28 days after 
application. Residue analysis showed that terbufos was quickly released from the plastic 
matrix under both dry and wet soil conditions. Under wet conditions the total amount of 
terbufos remaining in the soil was similar among plastic, clay, and technical formulations, 
but nearly all the terbufos present in the soil was still in the plastic matrix (Figure 1). Under 
dry conditions, terbufos applied as the clay formulation degraded significantly faster in soil 
than when it was applied as with the plastic formulation. All formulations of terbufos 
degraded unexpectedly faster under diy conditions than under wet conditions. Oxidation of 
terbufos to its toxic metabolite, terbufos sulfoxide, occurred preferentially in the soil 
environment rather than in the plastic matrix itself.
In summary, many different types of CR formulations - microencapsulation of herbicides and 
insecticides, laminates and hollow fibers containing pheromones, and monoliths containing 
insecticides - have been successfully commercialized. CR formulations provide longer 
residual bioactivity of foliar- and soil-applied pesticides. Limited evidence suggests that 
leaching of controlled release pesticides may be reduced compared to conventional 
formulations, but surface runoff of microcapsules can be significantly greater. Because of the 
slower release of toxicant into water, toxicity to fish may be lower with ME formulations 
than with ECs, but persistence in water is greatly increased. Further research needs to focus 
on the fate of the pesticide remaining in the CR matrix after pest activity has ceased and on 
the ultimate fate of the matrix itself.
REFERENCES CITED
Bahadir, M. and G. Pfister. 1987. Uptake of carbofuran-^^C by rice plants after root zone 
application as a controlled release formulation. Chemosphere 16:1273-1279.
Bahadir, M. and G. Pfister. 1990. Controlled release formulations of pesticides. Chemistry of 
Plant Protection 6:1-64.
Cardarelli, N. 1976. Controlled release pesticide formulations. CRC Press, Cleveland, OH 
p. 3.
Coffman, C. B. and W. A. Gentner. 1980. Persistence of several controlled release 
formulations of trifluralin in greenhouse and field. Weed Sci. 28:21-23.
Farrar, M. D. 1953. The granulated type insecticide for soil treatment. J. Econ. Entomol. 
46:377-379.
117
Felsot, A. S. 1989. Investigation of terbufos and metabolites in a controlled release
formulation applied to soil. Final project report to American Cyanamid Company.
14 pp.
Felsot, A. S. and J. J. Tollefson. 1990. Evaluation of some methods for coping with enhanced 
biodegradation of soil insecticides. In  Enhanced Biodegradation of Pesticides in the 
Environment, Racke, K. D. and J. R. Coats, eds. Am. Chem. Soc. Symp. Ser. No. 426, Am. 
Chem. Soc., Washington, D.C. pp. 249-268.
Fleming, G. F., F. W. Simmons, and L. M. Wax. 1989. Starch encapsulation effect on herbicide 
movement under irrigation. Agron. Abstr., p. 35, Am. Soc. Agron., Madison, WI.
Henzell, R. F. and D. R. Lauren. 1978. Contact activity of synthetic pyrethroids against adult 
grass grub, C o s te ly tra  z ea la n d ica  (White). Pestic. Sci. 9:582-586.
Jarvinen, A. W. and D. K. Tanner. 1982. Toxicity of selected controlled release and 
corresponding unformulated technical grade pesticides to the fathead minnow, 
P im e p h a le s  p ro m e la s . Environ. Pollution (Series A) 27:179-195.
Kenimer, A. L., J. K. Mitchell, and A. S. Felsot. 1989. Pesticide formulation and application 
technique effects on surface pesticide transport. Paper no. 892506, winter mtg., Am. Soc. 
Agric. Engineers, New Orleans, LA.
Koncal, J. J., S. F. Gorske, S. F. and T. A. Fretz. 1981. Leaching of EPTC, alachlor, and 
metolachlor through a nurseiy medium as influenced by herbicide formulations. 
HortScience 16:757-758.
Marrs, G. J. and D. Seaman. 1978. Practical considerations in the control of bioavailability. 
Pestic. Sci. 9:402-410.
McFarlane, N. R. and J. B. Pedley. 1978. Some fundamental considerations of controlled 
release. Pestic. Sci. 9:411-424.
Petersen, B. B., P. J. Shea, and G. A. Wicks. 1988. Acetanilide activity and dissipation as 
influenced by formulation and wheat stubble. Weed Sci. 36:243-249.
Schreiber, M. M., B. S. Shasha, M. A. Ross, P. L. Orwick, and D. W. Edgecomb, Jr. 1978.
Efficacy and rate of release of EPTC and butylate from starch encapsulated formulations 
under greenhouse conditions. Weed Sci. 26:679-686.
Smith, S., G. H. Willis, L. L. McDowell, and L. M. Southwick. 1987. Dissipation of methyl 
parathion and ethyl parathion from cotton foliage as affected by formulation. Bull. 
Environ. Contam. Toxicol. 39:280-285.
Stokes, R. A., J. R. Coppedge, D. L. Bull, and R. L. Ridgway. 1973. Use of selected plastics in 
controlled release granular formulations of aldicarb and dimethoate. J. Agric. Food 
Chem. 21:103-108.
Wilkins, R. M., S. Batterby, E. A. Heinrichs, G. B. Aquino, and S. L.O. Valencia. 1984. J. Econ. 
Entomol. 77:495-499.
118
Table 1. Effect of formulation and row direction on runoff losses of alachlor and 
terbufos (from Kenimer et al. 1989) a
Pesticide in water, mg Pesticide in sediment, mg Total runoff, mg
Contour Up/Down LSDb Contour Up/Down LSD Contour Up/Down LSD
Alachlor0
EC 91.7 452.6 272.1 2.2
ME 167.2 390.5 181.2 244.4
LSDd 114.4 356.1 173.2
Terbufose
G-B 20.9 16.4 6.9 1.9
G-F 8.6 4.7 17.8 0.8
CR-B 10.5 37.1 21.3 3.7
CR-F 2.2 1.8 6.1 0.1
22.5 12.3 93.9 475.1 277.7
460.9 332.5 411.6 851.9 368.8
313.6 186.5 485.3
3.7 3.4 22.8 20.1 9.4
1.7 3.1 9.4 6.4 17.8
7.3 13.3 14.1 44.3 27.0
3.2 5.0 2.3 5.0 7.2
a Runoff studies were conducted as described by Felsot et al. (1990). Mass (mg) of 
pesticide in water and sediment represent the combined losses after two rainfall 
events totalling 95 mm at an intensity of 64 mm/h. Slope of the field ranged from 
3.3-3.5% for up/down plots and from 4.6-4.8% for contour plots
b Fisher's Least Significant Difference (p=0.05) within row direction
c Alachlor formulations were Lasso (emulsifiable concentrate, EC, 45.1% active 
ingredient, a.i.) and Lasso MicroTech (microencapsulated, ME, 41.5% a.i.) Rate of 
application was 3.36 kg/ha. Alachlor was sprayed preemergence without 
incorporation
d Fisher's Least Significant Difference (p=0.05) within formulation treatment
e Terbufos formulations were Counter 15G (clay granule, G, 15% a.i.) and Counter 20CR 
(controlled-release plastic, CR, 20% a.i.) Rate of application was 1.12 kg/ha 
Terbufos was applied during planting as an 18-cm band (B) or directly into the seed 
furrow (F)
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FORMULATION
Recovery of terbufos, terbufos sulfoxide, and terbufos sulfone from a silty clay loam soil after 
28 days of incubation (from Felsot 1989). The terbufos was applied at a rate of 10 ppm as 
either a plastic controlled release granule (Counter 20CR), a clay based granule (Counter 15G), 
or as a technical formulation (liquid dissolved in  acetone, >90% purity). The C R  granule was 
isolated from several replicates of soil b y  wet-sieving and then extracted to determine the 
rem aining terbufos residues. The amount of terbufos and metabolites rem aining in  the m atrix 
were normalized to the weight of soil for comparison w ith  the other treatments. The 
concentration of terbufos residues in the "CR  granule + soil" treatment was determined by 
extracting additional samples of soil containing the CR  form ulations w ithout first removing the 
plastic granules.
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Herbicide Movement in Illinois Soils
W. Simmons
Herbicide movement within and through soils is an important process that affects efficacy 
and, potentially, water quality. Protection of water quality is an important part of any crop 
production system. Illinois farmers have the greatest stake in protecting drinking water 
quality since they often consume the water that lies directly under their farming operations. 
Their domestic water wells are often in proximity of agricultural operations or fields and, 
therefore, must be safeguarded against contamination. The great majority of crop protection 
chemicals never reach groundwater. In Illinois, favorable soil and geologic conditions help 
degrade or retard movement of pesticides. Vulnerable site conditions are, however, found in 
some parts of Illinois. In these areas, which are described in detail below, appropriate 
chemical selection and management decisions need to be made to insure water quality.
Extensive well-water surveys are currently under way in Illinois. Soon we will have more 
definitive information as to the extent of groundwater contamination. Smaller scale water 
testing projects in selected areas of Illinois have shown limited detections of agricultural 
chemicals and nitrate-nitrogen, sources of which are not always agricultural fertilizers. 
Atrazine is the most frequently detected herbicide. In some cases, the levels of detection have 
exceeded recommended health advisory limits as established by the United States 
Environmental Protection Agency (EPA). The highest levels of detection are often from wells 
that are in proximity to chemical handling sites or are known to have been contaminated by 
an accidental point source introduction of the chemical directly to the well.
Protection of ground water drinking sources is a critical and achievable task that can be 
accomplished by: 1) preventing point source contamination of your well; 2) evaluating your 
groundwater contamination susceptibility as determined by your soil and geologic conditions 
and your water management system; 3) selecting appropriate chemicals and chemical 
application strategies; and 4) practicing sound agronomy that utilizes integrated pest 
management principles and appropriate yield goals.
Control of point source contamination remains the most important measure a farmer can 
take to protect a ground water drinking source. A  point source is a well defined and traceable 
source of contamination such as a leaking pesticide container, a pesticide spill, or 
backsiphoning from spray tanks directly into a well. Since point sources involve high 
concentrations of chemicals or direct movement of contaminants to the water source, the 
purifying ability of the soil is bypassed.
A  variety of herbicides have been detected in trace amounts in potable water supplies. A  
recently completed nationwide survey found detectable levels of herbicides in 13% of the wells 
surveyed. Atrazine was detected in 12% of the wells and, therefore, comprised over 90% of the 
detections. Many of the detections were associated with point source contamination.
SATURATED AND UNSATURATED WATER FLOW
Water is the driving force for the two, primary solute transport mechanisms, diffusion and 
mass flow. Diffusion is the slow movement of solutes away from zones of high concentration. 
This process is dependent on physical properties of the soil and the soil water content. 
Diffusion is limited in dry soils, and this is one reason why herbicides of limited solubility 
sometimes demonstrate poor efficacy without rainfall.
Mass flow processes move water (containing herbicide) directly. The water may move rapidly 
in the case of saturated flow (positive pressures due to ponded water) or slowly in the case of 
matric or unsaturated water flow. Unsaturated flow occurs as the water moves in small pores
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from zones of high- to low-water content. Slow flow is preferable from a water quality 
standpoint because all of the adsorptive powers of the soil organic matter tend to "clean" the 
moving water.
MANAGEMENT PRACTICES
Reducing tillage and retaining crop residues on the soil surface are general practices to reduce 
runoff and overland flow that can carry pesticides and nutrients out of the field. The effect of 
conservation tillage and no-till on ground water quality is controversial and the subject of 
much research. Reduction of runoff and erosion is accomplished by increasing infiltration of 
water. Increased infiltration, particularly through earthworm formed macropores, offers a 
transport system to the subsoil that soil applied pesticides can follow. Conversely, the 
macropores are not the primary routes of water flow unless heavy rainfall or flooding occurs, 
and they may allow rapid movement of "clean" rainwater past the soil layers that contain 
pesticides. Conservation tillage methods are most important in controlling soil erosion on 
sloping land; adopting more severe tillage to protect ground water quality is not warranted 
based on our current knowledge.
GROUND WATER VULNERABILITY
Site characteristics, including the soil and geologic properties, water table depth, and depth of 
the well, will determine the potential of non-point contamination of the ground water. Non­
point sources of contamination are difficult to pinpoint, originate from a variety of sources, 
and are affected by many processes. Contaminants moving into ground water from routine 
agricultural use would be an example of a non-point source. Producers applying pesticides in 
vulnerable areas should pay strict attention to chemical selection and management practices.
SOIL AND AQUIFER CHARACTERISTICS
Soil-water holding capacity, permeability, and organic matter content are important soil 
properties that determine a soil's ability to detain surface-applied pesticides in the crop root 
zone. Fine-textured, dark, prairie soils have large water holding capacities, low 
permeabilites, and large organic matter contents, all attributes that reduce pesticide leaching 
due to reduced water flow or increased binding of pesticides. The forest soils that dominate 
the landscape in western and southern Illinois are lower in organic matter and, therefore, 
may be less effective at binding pesticides.
The most vulnerable soils for ground water contamination are the sandy soils that lie along 
the major river valleys of Illinois. Sandy soils are highly permeable, have low organic 
matter contents, and often are irrigated. All of these factors represent increased risks to 
ground water quality protection. Extra precautions in chemical selection and application 
method must be taken in these vulnerable soils. Irrigators, in particular, should pay 
attention to ground water advisory warnings that restrict the use of some herbicides on sandy 
soils.
The geologic strata under your farming operation may be important in determining your risk 
of non-point contamination. In Illinois the most hazardous geology for ground water 
pollution is the karst or limestone region that occurs along the margins of the Mississippi 
river and in northwestern Illinois. Sinkholes and fractures that occur in the bedrock in such 
areas may extend to the soil surface, providing access for runoff directly into the ground 
water. Water moving into these access points bypasses the natural treatment that percolation 
through soil provides. Karst areas should be farmed carefully with due attention to buffer 
zones around sinkholes to prevent runoff entry to the groundwater. Agronomic practices that 
minimize runoff are effective ways to reduce the potential for pesticide movement to the 
groundwater.
Deep aquifers that are overlain by impermeable geologic formations are the most protected 
from contamination from surface activities. Shallow "water table" aquifers are more
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vulnerable to contamination based solely on their proximity to the surface. Shallow dug 
wells in water table or shallow aquifers also are more vulnerable because of typically 
inadequate well head protection.
SURFACE WATER CONTAMINATION
Although ground water protection receives the majority of media attention, surface water 
quality is generally at greater risk. Surface waters have a greater capacity for treating 
pesticides since biological breakdown processes operate at a faster rate in these waters than in 
groundwater. A recent survey of surface waters in Illinois by the U.S. Geological Survey found 
detectable herbicide levels in 90% of their samples taken in May and June of 1990. Control of 
surface water contamination is best achieved by controlling overland movement of water and 
sediment. Soil conservation practices and prudent use of buffer strips near stream banks 
generally reduce the probability of surface water contamination.
CHEMICAL PROPERTIES AND SELECTION
Selection of agricultural chemicals is most critical for producers who from on vulnerable 
soils and geologic sites. Herbicide selection is a complex task that must take into account 
your crop, tillage system, target species, and a host of other variables. Chemical properties of 
the herbicide are important to consider when evaluating their potential to leach into the 
ground water. The three most important characteristics of a pesticide that influence leaching 
potential are its solubility in water, its ability to bind with the soil (adsorption), and the rate 
at which it breaks down in the soil. High solubility (dissolves readily), low binding ability, 
and slow breakdown all increase a pesticide’s ability to move into the ground water. Among 
the frequently used herbicides that have a greater potential to leach and that have been 
labeled with ground water advisories are those that contain alachlor, atrazine, cyanazine, 
metribuzin, metolachlor, or simazine (Table 1).
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Table 1. Herbicide and herbicide premixes with ground water advisories
Trade Name Common (generic name)
AAtrex, Atrazine
Ala-Scept
Bicep
Bladex
Bronco
Buctril / atrazine
Bullet
Cannon
Canopy
Dual
Extrazine
Freedom
Laddok
Lariat
Lasso EC, MTa
Lexone
Preview
Princep, Simazine
Salute
Sencor
Turbo
atrazine
alachlor + imazaquin 
metolachlor + atrazine 
cyanazine
alachlor + glyphosate 
bromoxynil + atrazine 
alachlor + atrazine 
alachlor + trifluralin 
metribuzin + chlorimuron 
metolachlor 
cyanazine + atrazine 
alachlor + trifluralin 
bentazon + atrazine 
alachlor + atrazine 
alachlor 
metribuzin
metribuzin + chlorimuron 
simazine
metribuzin + trifuralin 
metribuzin
metribuzin + metolachlor
aLasso MT has shown reduced leaching tendency in initial experiments.
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Herbicide Formulations and Mobility
G. Fleming, L. Wax, and F. Simmons
Soil applied herbicides are formulated to promote cost efficiency and ease in manufacture, 
handling, and application. Another important goal of formulators may be to produce a 
herbicide which reduces potential for leaching. In addition to minimizing risks to the 
environment, a formulation which reduces movement from the upper soil profile may also 
provide for more weed control since weed seeds generally germinate in the upper 2" of soil.
The use of controlled-release formulations (CRF) may be one approach to minimizing 
herbicide leaching. For a pesticide to be effective, the active ingredient in the soil solution 
must be above a minimum threshold concentration. Pesticides are subject to losses including: 
sorption, photodecomposition, volatilization, microbial and chemical degradation, and 
leaching. To counter such losses, application rates of conventional formulations of pesticides 
are greater than the minimum threshold concentration. With conventional formulations, all 
of the active ingredient resides in the soil solution initially, resulting in increased risk of 
leaching if a heavy rainfall occurs soon after application. Controlled-release formulations 
may reduce the potential for leaching by maintaining the threshold level of active ingredient 
over the desired control period while the un-released, encapsulated pesticide remains 
unavailable for losses such as leaching.
Types of controlled-release formulations include: chemical attachment of the herbicide to the 
release agent, entrapment of the herbicide within microspheres, and herbicide dispersion in a 
polymer matrix (Schreiber, et al., 1988, WSSA). Entrapment within a polymer matrix has 
been the most common encapsulation technique. Polymers which have been used include: 
plaster of parts, plastics, lignin, and starch. There has been particular interest in using 
starch as the CRF polymer. Starch encapsulations contain small pockets of herbicide 
dispersed within a starch matrix. The pesticides are released from these encapsulations by 
diffusion after wetting and/or by microbial degradation of the starch.
Schoppet et al. (1989) found that three starch-encapsulated formulations of atrazine 
dramatically reduced herbicide movement in soil cores subject to preferential flow. Riggle et 
al. (1988) successfully used lignin to control the release of chloramben, metribuzin, and 
alachlor and reported reduced leaching of all three herbicides in soil columns when the 
herbicides were encapsulated in a lignin matrix. When EPTC, alachlor, and metolachlor 
encapsulated in plaster of paris tablets were compared to granular formulations, the three 
encapsulated herbicides leached considerably less through a nursery medium (Koncal et al. 
1981). While laboratory studies indicate that controlled release formulations reduce herbicide 
leaching, field data in support of these findings is limited.
A  field study was conducted in 1988 and 1989 to determine the effect of two starch- 
encapsulated formulations on alachlor and metribuzin movement in a sandy soil under 
irrigation. The study was conducted on a Plainfield sand with an organic carbon content of 
0.4%. Alachlor treatments included diy flowable (DF), microencapsulated (ME), and two 
starch-encapsulated formulations. Metribuzin treatments included DF and two starch 
encapsulations. Soils were sampled throughout the growing season to a depth of 90 cm.
The concentrations of alachlor in surface samples were similar for the EC and the two starch- 
encapsulated formulations. The ME formulation of alachlor resulted in increased levels of 
herbicide in the soil surface throughout the sampling period. Increased concentrations in the 
upper soil profile may be an indication of reduced movement or greater persistence of 
alachlor associated with the ME formulation compared to the EC formulation as reported by 
Petersen et al. (1988). Starch encapsulation did not appear to have a significant effect in 
reducing subsurface alachlor concentrations compared to the EC.
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Compared to the DF formulation, starch encapsulation resulted in greater concentrations of 
metribuzin in the soil surface. In addition, starch encapsulation resulted in greater 
metribuzin concentrations in subsurface depths compared to the DF. It appears that 
metribuzin retained in the upper soil profile moved to lower soil depths after being released 
from the CRF. Metribuzin associated with the CRF was more persistent than that associated 
with the DF formulation suggesting that encapsulation of the herbicide delayed movement.
These results suggest that starch encapsulation of metribuzin has a greater effect on 
persistence and movement compared to starch encapsulation of alachlor. Rate of release 
studies are being conducted to determine how these formulations influence herbicide 
availability in the soil solution at various soil moistures. Soil column leaching studies are 
also being conducted with additional controlled release formulations to better characterize 
the effect of these formulations on herbicide mobility.
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Nitrogen:
The Staff of Life 
or
The Scourge of Society
R. Hoeft
Nitrogen fertilizer was first used in the United States in 1813. Use during the following 130 to 
140 years was rather low, however, because American farmers were able to produce enough on 
expanding acreageto feed and clothe the people of the U.S. and much of the rest of the world at 
a reasonable cost. New technology initiated in the 1940s and further developed in the 1950s 
resulted in improvements in the ability to manufacture, transport, and apply nitrogen 
fertilizers at a much lower cost. As a result, nitrogen use has increased dramatically over the 
last two decades. Yield increases associated with this increase in nitrogen use have resulted 
in an abundant low cost food supply that is more than adequate to feed the U.S. populace. In 
addition, our food is exported to less productive areas of the world and those exports have 
been extremely important to the U.S. balance of trade.
Although nitrogen (N) is only one of 16 elements that are essential for plant growth, it is one 
of the most critical because it is the one most frequently deficient in agricultural soils.
Recent estimates by U.S. specialists indicate that com yields would decrease by 40 to 50%, 
food prices would increase by 12% and 44% for medium and low income families, 
respectively, erosion would increase by 10%, and grain and cotton exports would decrease by 
nearly 50% if fertilizer N were eliminated. This would occur even if farmers used the best 
technology known to utilize all of the nonfertilizer N available. Neither plants nor humans 
are very efficient in harvesting N. This situation results from biological and environmental 
factors in the soil-plant system, the multiplication of inefficiencies as one converts from 
plant to animal protein, and the inefficiencies of the human race in harvesting, storing, 
distributing, and processing the food. While it is difficult to quantify, the ultimate harvest of 
N by humans is probably less than 20% efficient.
It has been estimated that the world N need may exceed 275 million tons by the year 2000. A 
significant portion of this amount (90 to 130 million tons) will come from grain legumes with 
another 55 to 80 million tons coming from biological N fixation in permanent pastures and 
meadows. The remaining 120 to 175 million tons will be derived from fertilizer. This is 
significantly higher than the current world usage of about 70 million tons of fertilizer N 
because of the need for significantly more food and fiber and because of the decrease in the 
supply of N from organic matter in soils. Many soils of the world were inherently productive 
when they were first tilled because tillage resulted in increased oxidation of organic matter 
and, subsequently, a release of N. With continued farming, these soils have reached or are 
approaching an equilibrium level of organic matter. At such time as that equilibrium is 
established, there will be no net release of available N.
Concern about the impact of nitrogen fertilizer use on the environment, particularly its effect 
on water quality, arose during the 1960s, followed by concern about the energy consumed in 
manufacturing N in the 1970s. These concerns have become a much higher priority for the 
general public and consequently, policy makers in the 90s as evidenced by enacted and 
proposed legislation at both the federal and state level. The environmental concern centers 
on the movement of nitrates through soil into water systems, both surface and ground water 
supplies, and on the evolution of nitrogen oxides into the atmosphere.
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Analysis of samples from domestic and community water supplies have revealed nitrate 
levels in excess of the public health standard of 10 ppm nitrate-N in some wells. However, 
until recently there has been no organized sampling program designed to identify the 
magnitude of the problem. The U.S. EPA is currently conducting a national survey of 
domestic and community wells. As of 30 September 1989, the EPA had completed the 
analysis of 295 wells consisting of 180 community and 115 domestic wells. Of those, 8 (less 
than 3%) had levels in excess of the 10 ppm standard. Only 145 (49%) tested positive for 
nitrates. Because most well water would have passed at some time through soil that contained 
nitrates, it is surprising that more samples did not contain a detectable level of nitrates. As 
further results are obtained from this survey, it will be interesting to utilize the information 
to determine the likely source of N in specific situations.
In at least some isolated instances, high nitrate levels have apparently resulted from natural 
causes. Analyses conducted in the mid 1800s in Washington County Illinois revealed N levels 
5 times higher than the public health standard. Because the use of chemical fertilizers at that 
time was rare, they could not have been the cause of the high nitrate levels.
Even in modem times, there are good indications that agricultural practices are not the sole 
source of increased nitrate levels in water supplies. Recent results indicate that urbanization, 
rather than agriculture, was a major factor controlling the soluble reactive phosphorus in 
stream concentrations during an entire year and that it was also important in explaining the 
majority of the variance associated with nitrate-N during roughly 50% of the year in one 
Illinois watershed. Agriculture has its greatest influence on nitrate-N concentration in 
streams during late winter and early spring when crop growth and development are low. This 
low crop N use coincides with an increase in biological activity which results in the release of 
organic N and application of fertilizer N for the following crop. It is difficult to determine the 
relative contribution of each of those two sources. However, results from Minnesota indicate 
that the amount of N lost into tile lines from fields that had been planted to soybeans was 
slightly higher than that lost from fields after com had been fertilized in the spring at a rate 
adequate to provide optimum yield. Fall application at that same N rate resulted in a slight 
increase in N loss through the tile lines.
Some have suggested that continued use of fertilizer N, particularly anhydrous ammonia, will 
destroy biological organisms in the soil. Research in Florida several years ago clearly showed 
that not to be the case. Others have suggested that continued use of fertilizer N will destroy 
the physical and chemical properties of the soil. Results from both Kansas and Nebraska 
have disproved that theory.
Agricultural procedures, including the use of nitrogen fertilizers, constitute an energy 
demanding process. The process is, however, one of the few either in nature or human-made 
that results in a net gain in energy. When fertilizer N is applied at proper rates, there is a net 
energy harvest of about 4 units per unit expended in producing, transporting, and applying 
nitrogen fertilizer.
Consumption of excess levels of nitrates has been shown to cause a condition called 
methemoglobinemia in infants. At birth the gastrointestinal tract of an infant is not 
sufficiently developed to prevent the growth of bacteria that convert nitrate to nitrite. Hence, 
a heavy intake of nitrates can lead to toxic levels of nitrites being formed and absorbed into 
the blood stream. While the primary concern is with nitrate levels in water, it is important to 
remember that it is the total nitrate intake, including that from foods, that is of concern. 
Some of the leafy vegetables fed to young infants, namely spinach, are known to contain high 
nitrate levels. Where nitrate levels in water are known to exceed the standard, acceptable 
water (water with a nitrate concentration of less than 10 ppm nitrate-N)should be obtained 
from other sources for infants under one year of age. Do not boil high nitrate water as that 
serves to increase rather than decrease the concentration.
The relationship of nitrates to other human health problems has not been extensively 
evaluated. The work that has been done has not shown any clear relationship between
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nitrates and heart disease or cancer. In fact, an Illinois study of a population of nearly 
600,000 indicated no change in the rate of cancer deaths for the male population in relation 
to the nitrate level of the water consumed. On the other hand, the lowest nitrate levels were 
associated with the highest death rate in females caused by all cancers, including cancer of 
the digestive tract. Also, a recent Pennsylvania study concluded that fertilizer use was largely 
unrelated to cancer mortality. In one case where the relationship was statistically significant 
(digestive cancer), it was found that fertilizer use was negatively related to instances of cancer.
The effect of nitrates on livestock health depends on the animal species. Both swine and 
poultry have relatively high tolerance to nitrates. Ruminant animals-cattle, sheep, goats - are 
more susceptible to nitrate due to the fact that there is little acid in the rumen where fibrous 
materials are digested. This situation allows the bacteria which convert nitrate to nitrite to 
thrive.
The literature on nitrate effects on livestock is filled with apparent contradictions. In 
Washington County, Illinois there were several illnesses and deaths among baby pigs, a 
situation that was thought to be related to high nitrate levels in the water supply. On the 
other hand, researchers at the University of Wisconsin reported that mature dairy cows were 
not adversely affected by concentrations of 100 ppm nitrate-N in drinking water.
Is society now at an impasse between the use of fertilizer N to produce the quantity and 
quality of food and fiber needed to feed, clothe, and house the people of the world and the 
purported risk to the environment and human health? The answer to that is NO.
While there are areas where nitrogen fertilization practices have adversely affected water 
quality, these are, for the most part, related to specific environmental conditions or to point 
sources of contamination usually caused by inadequate management. At this point, with 
limited data available, it seams that the major concern exists in areas of intense crop 
production on sandy soils. The relatively low water holding capacity of these soils allows 
water to move greater distances in shorter periods of time. As water moves through soil, it 
will carry soluble nutrients below the rooting zone, thereby creating a higher potential for 
nitrates to reach ground water supplies. Additional research is needed to identify new 
nitrogen fertilizer management techniques that will reduce the potential for nitrate 
movement into ground water in these situations.
Point sources of contamination are usually associated with human error such as fertilizer 
spills or inadequate management of waste materials in and around wells. It is not unusual to 
find high levels of bacterial contamination in some wells having high nitrate levels. This is 
often due to poor well construction or to the poor location of livestock holding facilities 
which results in run-off of livestock wastes into the well. Better use of currently known 
technology will minimize these potential problems.
On the heavier soils, movement of nitrogen from agricultural land into water supplies has not 
been shown to be a major problem. As pointed out earlier, less than 3% of all wells sampled 
had nitrate levels in excess of the public health standard. Unfortunately, a base level from 
years preceding intensive agriculture is not available to determine whether or not that 
situation has changed. In other words, it is not possible to determine the amount of 
contamination that might be naturally occurring. It is unlikely that much could be done to 
correct those situations where nitrate levels in water supplies are naturally high. Movement 
of some nitrogen into surface and ground water supplies will continue as long as soils are 
biologically active. However, we have the knowledge to minimize the rate of such movement 
to levels that will be acceptable for the preservation of the environment. Technology based on 
sound research will continue to be developed for the purpose of reducing the potential for 
movement of nitrates into the environment.
Farmers and their advisors have done a remarkably good job of designing fertilizer programs 
which minimize the potential for nitrogen loss in the environment. There are more 
incentives for increasing such programs because the loss of N translates into an economic
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loss. In addition, the farm family is at greater risk of having contaminated water because 
most farm wells are shallow and close to the land receiving fertilizer N.
Agriculturists must continue to fine-tune fertilizer programs. They must eliminate those 
situations in which excess levels of fertilizers - relative to the management ability of the 
farmer or the productive ability of the soil type are being used. They also must take credit for 
the natural sources of N, such as livestock waste and legume nitrogen, that are available.
130
Conservation Plans And How They Can Be 
Used To Aid Water Quality Efforts
R. Herman
The Soil Conservation Service (SCS), in cooperation with local soil and water conservation 
districts, works with producers to develop site-specific plans that address soil, water, and 
related resource problems. These conservation plans may address one or all of common 
pollution sources such as sediment, animal wastes, and agricultural chemicals, both nutrients 
and pesticides. Not only will they address water quality issues, but they will address soil 
erosion and water management issues as well.
Conservation plans are the blueprints that farmers have used progressively for years to 
protect or improve their soil resource and manage excess water from their fields. These plans 
consist of soil survey information and aerial photographs that provide a basic understanding 
of soil materials and provide for farm field orientation. The narrative portion of the plan 
provides the "package" of decisions that a farmer selects to meet particular needs.
These decisions are not made until the problems are clearly identified, quantified, and 
analyzed. Alternative solutions to the problems are developed so that the producer can make 
proper decisions based on the benefits to the individual's operation. Conservation plans 
provide a what, when, and where approach to problem solving.
Following is a discussion about how a conservation plan can be used to aid water quality 
efforts.
The SCS has been developing conservation plans with landowners for more than 50 years. 
Typically, plans are developed with individuals who request assistance in solving problems.
The first step in addressing a water quality problem is to determine if there actually is a 
problem, and if so,to determine its nature and magnitude. The SCS uses the Water Quality 
Field Guide as a planning guide, the basic source for understanding the principles of nonpoint 
source pollution control. As the conservation plan is prepared, this guide is used in 
conjunction with other SCS references such as the Field. O ffice  T ech n ica l G u id e , the 
A g ricu ltu ra l W a s te  M a n a g e m e n t  F ie ld  M a n u a l, the E n g in e e r in g  F ie ld  M a n u a l  f o r  
C o n s e r v a t io n  P ra c tic e s , the N a tio n a l H a n d b o o k  o f  C o n s e r v a t io n  P ra c tic e s , and the N a t io n a l  
C o n s e r v a t io n  P la n n in g  M a n u a l.
The following principles should be recognized and understood when developing a plan to 
address a water quality problem:
1. For a water quality problem to exist, the water must be impaired for some use;
2. Once the pollutant(s) are identified, the roles of the pollutant(s) must be 
understood and the sources must be identified;
3. The process by which the pollutant is generated and how it moves to the water 
source must be known;
4. The best abatement or control practices for interfering with the availability, 
detachment and transport of the pollutant must be identified; and
5. SCS should integrate water quality into all planning.
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A  water pollution hazard exists only when a pollutant is available in some form at the field, 
becomes detached, and is transported to a water source either surface water or ground water. 
Alternative practices then can be selected based on their impact on availability, detachment, 
and transport.
These conservation practices fall into three major categories: management, vegetative, and 
structural. Obviously, each category of practice affects different types and forms of pollutants 
in different ways.
Water soluble pollutants are controlled best by nutrient management and pest management 
practices. As part of a plan, management practices address the timing, the rates, or the form 
in which the chemicals are applied. These practices have a great advantage because they are 
relatively inexpensive to initiate and often reduce input costs. They are also very flexible and 
may be adjusted quickly.
Vegetative practices reduce pollutant movement by reducing soil detachment and transport. 
They are effective where pollutants are attached to sediment or where sediment is the 
pollutant. Some examples are crop rotations, permanent cover, filter strips, contour 
stripcropping, cover crops, and field borders. These practices afford considerable flexibility 
and can vary significantly based on local conditions.
Structural practices typically reduce detachment and transport. They have an advantage of 
being fairly permanent. However, their initial cost is high, and they require maintenance. 
Terraces, water and sediment control basins, diversions, and waterways are examples of 
practices that fall into this category.
Typically, conservation treatment for addressing water quality consists of a group of practices 
that function as a package or unit. Each unit solves a portion of the problem. These groups of 
practices, called a conservation system or a resource management system, are custom 
designed to fit the soils in the field, land use, and the producer’s operation.
These management systems are designed for individual fields. Most farmers develop a 
schedule of when they intend to apply the practice. They then have a completed conservation 
plan, a plan that they helped develop to fit their operation.
In conclusion, some conventional conservation practices that farmers have been applying for 
many years have not only been protecting the soil resource, but they also have protected water 
quality. However, some newly developed practices, like nutrient management and pest 
management, have been developed primarily to protect water quality. These practices are 
important components of plans if agricultural chemicals are the likely pollutants.
Conservation plans can aid in our efforts to improve water quality. They are designed to 
identify the pollutants that cause water use impairment and are best suited for minimizing 
and limiting the impairment or for preventing a serious problem from occurring. However, 
because water quality relates to a watershed or drainage area, the conditions of pollution will 
not likely change unless farmers throughout the watershed participate in a high level of 
planning and application.
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Insecticide Use: Making Choices
K. Steffey
A  portion of the text of this article was taken directly from "Insects - To Control or Not: The 
Risks and Benefits" by K.L. Steffey and M.E. Gray, pages 17-26 in the P ro c e ed in g s  o f  the  1990  
I llin o is  F e r t il iz e r  C o n fe r e n c e .
INTRODUCTION
The risks and benefits of pesticide use are being studied in detail by an untold number of 
different groups, and each group has its own agenda. The risks of pesticide use are reported in 
the press to such an extent that the general public now has more knowledge about those risks 
than at any time in the past. Whether the public’s knowledge is accurate and whether both 
risks and benefits have been presented equitably and objectively could be argued to the point 
of fatigue.
The risks and benefits of agricultural pesticide use should be examined from the perspectives 
of both agriculturists and the general public, and they should be studied objectively with both 
short-term and long-term considerations. We should take into account the economic, 
environmental, and human health repercussions of both continued and discontinued use of 
pesticides.
The arguments on either side of the issue of agricultural pesticide use are well grounded in 
subjective and objective risk/benefit analyses. Those arguing the "Pro Pesticide" side of the 
issue point out that U.S. agriculture feeds the world, and pesticides have allowed American 
farmers to grow more food on less land than ever before. The argument is sound and is 
supported by a wealth of data. The "Con Pesticide" argument is also supported by ample data 
concerning residues of pesticides on food, contamination of ground water with pesticides, and 
poisoning of birds and other wildlife by pesticides. As a consequence, the debate about 
agricultural pesticide use is one of "opposing goods" {Nevling 1989).
The production of food and fiber for the world population is good. The protection of our food, 
health, and environment is also good. No one could successfully deny that both sides of the 
argument are "goods". Therefore, we must determine a way to maintain the balance between 
the requirements of agriculture and the protection of our food, health, and environment, a 
way that will satisfy rational individuals representing both sides of the issue.
In a veiy broad sense, this article first discusses the concepts of integrated pest management 
(IPM) and economic thresholds and their roles in the decision-making processes regarding 
crop protection. Both concepts aid in determining w h e th e r  an agricultural insecticide should 
be used in a particular situation. However, after a decision to use an agricultural insecticide 
is made, guidelines for making an appropriate selection are in order. This article presents the 
toxicological, ecological, and environmental characteristics of agricultural insecticides that 
are commonly used in Illinois. These characteristics are just as important as economics and 
efficacy when one is considering w h ich  insecticide to use.
INTEGRATED PEST MANAGEMENT - A NEW IDEA (AGAIN)
The risks associated with the use of agricultural insecticides are not new; they were recognized 
by scientists long ago. It is interesting to note that of the 24 papers abstracted in O u tlin es  o f  
P re s e n ta t io n s  o f  th e  Illino is C u s to m  S p ra y  O p e ra to r s ' S chool, printed in 1949, three of the 
papers addressed certain risks associated with the use of agricultural insecticides: "Toxicity 
of Spray Residues," "Effects of Agricultural Chemicals on Aquatic Life," and "Effects of
133
Agricultural Chemicals on Wildlife." As a consequence of the recognition of these risks, 
Rachel Carson's book S ilen t S pring , published in 1962, focused on the ecological hazards of 
using agricultural insecticides. In fact, that book was one of the primary forces that lead to 
the development of the IPM concept.
The advent of the IPM concept in the 1970s helped focus much needed attention on how to 
control insects while avoiding the risks posed by agricultural insecticides. IPM has been the 
subject of many educational programs offered by the Cooperative Extension Service for at 
least two decades. It seems interesting that IPM now is being discussed as a "new" solution to 
many pesticide-related issues.
New pest management tactics will be discovered and old control tactics will be replaced, but 
the "intelligent selection and use of pest-control actions that will ensure favorable economic, 
ecological, and sociological consequences" (Rabb 1972) will remain as the foundation of 
agricultural pest control for a long time to come. This original definition of IPM should 
continue to direct our decision-making processes regarding crop protection. We should begin 
managing insect pests within an agricultural system in which resource conservation and 
management, rather than maximum yield, are the top priorities. Although optimum yield 
will and should remain an agricultural priority, the notion of maximum yield should be 
abandoned.
Following is a very broad outline for implementing insect pest management strategies in a 
resource conservation system. These considerations should ensure a reasonable beginning to 
an IPM program that embraces conservation of natural resources and management of input 
resources.
(1) Evaluate all suitable alternatives for insect pest management that will "fit" into the 
appropriate cropping system. These evaluations should include both short-term and long­
term pest management schemes and how these schemes will affect the system.
(2) Where possible, utilize all appropriate nonchemical tactics that will prevent or reduce the 
impact of insect pests and still "fit" into the system. For farmers, nonchemical tactics might 
include growing crop varieties that are resistant or tolerant to insect feeding injury, 
practicing certain crop rotations, manipulating planting times, eliminating alternate hosts, 
conserving natural enemies of pests, etc. For applicators, this might mean simply that when 
an insecticide is not needed, it should not be recommended.
(3) When all else has failed to prevent an insect pest outbreak, an insecticide may be 
necessary to avert substantial losses in crop quality and yield. However, insecticides are 
valuable input resources that must be managed with care to extend their effectiveness and to 
avoid disruption of the environment.
SHOULD WE REMOVE THE WORD ’ECONOMIC" FROM ECONOMIC THRESHOLD?
The benefits associated with the use of agricultural insecticides are primarily economic in 
nature. When an insect pest outbreak occurs, usually the only response mechanism that will 
reduce the insect population and prevent further damage is the use of an insecticide. In 
general, compared with certain other insect management techniques and other farm inputs, 
insecticides are also relatively cheap. During years when insect outbreaks occur, the return 
on investment for the insecticide is tremendous.
The decision about whether an insecticide should be used to control insects historically has 
been focused on whether or not the cost of control would offset the cost of damage if the insect 
was not controlled. This is the basic idea for the use of economic injury levels and economic 
thresholds in insect pest management programs. As early as 1934, in an article entitled "At 
what point does insect attack become damage?" W.D. Pierce asked, "Is all insect attack to be 
computed as assessable damage? If not, at what point does it become assessable? Is control
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work warranted when damage is below that point?" Interestingly, Pierce asked these 
questions before modem insecticides had been developed.
The modem concepts of economic injury levels and economic thresholds were initially 
proposed by Stem et al. (1959). However, as Pedigo et al. (1986) indicated, economics were not 
the initial impetus for developing economic injury levels. Stem et al. emphasized the 
concerns created by excessive and inappropriate uses of insecticides. In fact, they discussed at 
some length insecticide resistance, replacement of primary pests with secondary pests, 
resurgence of primary pests after insecticide application, residues of insecticides on crops, and 
effects of insecticides on nontarget organisms. Thus, the concepts of economic injury levels 
and economic thresholds were developed largely as a means for more rational use of 
insecticides.
Many scientists have criticized the concept of economic thresholds because it is too simple 
and overlooks the influence of production factors that can affect the crop and the pest. 
Although this criticism is true for most simple economic thresholds, dynamic decision­
making processes can be employed when enough reliable data are available, e.g., the European 
com borer management worksheet (Steffey and Gray 1991). The other criticism of economic 
thresholds is more serious in light of the current concerns about human health and 
environmental quality. Economic thresholds rarely incorporate the potential deleterious 
effects that pesticides might cause. If we are to abide by the rationale underlying the original 
concept of economic injury levels and thresholds, we must also consider other components 
that might be affected by our decisions.
All too often over the past couple of decades, many of us involved with crop protection have 
relied too much on effectiveness and economics when we have suggested the use of certain 
insecticides. Our immediate concern has been the short-range economic benefit offered by 
immediate and effective insect control. Although economic benefits will remain important in 
our decision-making processes, we should begin to weigh those benefits against any long- 
range risks that might be posed by the use of a particular insecticide.
An example of how my own decision-making process has shifted over the past 10 years can be 
illustrated with my reaction to a hypothetical question regarding management of European 
com borers.
Farmer (1980): I've got com borers in my com. What’s the best insecticide to
use? (N o tice  h e  d id  n o t tell m e  h o w  m a n y  c o m  borers , ju s t  that 
h e  h a d  c o m  b o re rs .)
Steffey (1980): Furadan 15G. (N o tice  that I  a s k e d  n o  o th er  q u e s tio n s . I  k n e w
w h a t  the  d a ta  s h o w e d -t h a t  F u ra d a n  p r o v id e d  the  m o s t  e ffe c t iv e  
a n d  c o n s is te n t  contro l in u n iv e rs ity  p l o t s -a n d  I  a n s w e r e d  the  
q u e s t io n  d irec tly .)
Obviously, I am overstating the simplicity of my answer. However, consideration of efficacy 
data was often the underlying concern when I answered questions of this nature. Now I offer 
another, more modem response to a similar question.
Farmer (1990):
Steffey (1990):
I've scouted my cornfield two times this past week, and on my 
most recent trip I found 65% whorl feeding damage and an 
average of 3 live com borers (probably 2nd instars) per plant. I 
expect to harvest 150 bushels per acre, and I hope to sell my corn 
at $2.50 per bushel. I believe the "window of opportunity” for 
treatment will occur during the next 7 days because I monitored 
peak moth flight in my pheromone trap about 10 days ago. What 
insecticide is best? (N o tice  the  m o d e m  co m p lex ity  o f  th is  
q u e s t io n . )
What do you mean by "best?"
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Again, I overstate the simplicity of my answer. However, my point is that the answer to the 
farmer’s question depends on factors beyond efficacy and economics. I need more 
information. I might ask, "Is your field surrounded by trees?" "Is the field near a pond, 
stream, or river?" Is the field near a town or residences?"
We no longer should be concerned strictly with efficacy and the economics of insecticide use. 
Although farmers should protect their crops from excessive pest damage and continue to make 
a profit, they also should be aware of all potential ramifications of an insecticide application, 
both the benefits and the risks.
CONSIDERATIONS FOR MAKING INSECTICIDE CHOICES
As the 1990s progress, continuing pressure will be brought to bear on the use of agricultural 
insecticides. A  more informed general public will continue to demand safe food and water 
and a clean environment. Most of the insecticide-related issues will remain the same: 
contamination of ground and surface waters: hazards to birds, fish, and other wildlife; 
residues on food; and threats to worker safety and human health. Other insecticide-related 
issues may arise. New laws and more stringent regulations regarding the use of insecticides 
will prevail.
Nevertheless, most agricultural insecticides will not be banned outright tomorrow, and maybe 
not for a long time. Many insecticides will remain viable tools to be used in pest management 
programs when all nonchemical alternatives have been exhausted. However, to ensure 
reasonable acceptance of this reality, those of us engaged in advising others about the use of 
insecticides should re-evaluate our decision-making processes. We must make some very 
careful decisions about which insecticide to use under certain circumstances, and the answers 
may not always be the cheapest nor the most effective insecticide. Certain considerations 
regarding the management of insecticides are in order.
(1) Base the decision to use an insecticide on information obtained during representative 
scouting trips. Knowledge of the population level of the pest(s), crop growth stage and 
condition, and presence or absence of natural control factors is the only way to assess a 
potential pest situation. Elimination of prophylactic insecticide treatments as a form of 
insurance against insect damage is a goal toward which we should strive.
(2) If they are available, use dynamic decision-making tools or calculations to determine the 
need for an insecticide. Incorporate values that change from time to time and field to field, 
like commodity prices, cost of control, expected yield, and percentage control. In the future, 
these dynamic decision-making tools should also incorporate dollar values for risks to the 
environment.
(3) When dynamic thresholds are unavailable, use the economic thresholds that have been 
established as guidelines for making appropriate insect control decisions. Although they are 
not as flexible as the dynamic equations, most of the economic thresholds are based on 
research data and are reasonably reliable.
(4) If possible under the existing circumstances, use a biological insecticide, like formulations 
of B a c illu s  th u r in g ien s is  (B T ), rather than a chemical insecticide. B t  is effective against only 
a few pests, primarily caterpillars, but is usually just as effective as the chemical insecticides 
registered for those pests.
(5) If a chemical insecticide must be used, select one that will cause the least amount of 
environmental disruption and apply it at the lowest effective rate. Unfortunately, the choice 
made here depends on a very complex set of decisions. The types of environmental disruption 
vary from the destruction of natural enemies of pests to contamination of surface or ground 
water. Each situation must be analyzed to determine the most appropriate chemical to use 
under the existing circumstances. Insecticides that do not persist for long periods of time and
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that are not very soluble in water might be logical choices for crops grown on sandy soils. 
Additionally, insecticides that are "soft" on predators, parasitoids, and other beneficial 
insects like honey bees also would be logical choices under certain circumstances.
(6) Apply the insecticide in a manner that will cause the least amount of disruption of the 
environment. Subsurface applications of certain soil insecticides might reduce the risk of the 
insecticides being carried off the field in runoff situations, or they might reduce the risk of 
killing birds that inadvertently ingest granules exposed on the soil surface. Directed sprays, 
rather than broadcast sprays, might be more appropriate in some situations. Drift of 
insecticides into nontarget areas is completely unacceptable.
INSECTICIDE SELECTION: MAKING CHOICES
After a decision to use an insecticide has been made, one is faced with numerous questions 
that should be answered satisfactorily before the insecticide is applied.
• Is the insect you want to control listed on the insecticide label?
• Does the label state that the insecticide will control the insect, or do the phrases 
"suppression" or "will control low to moderate populations" appear on the label?
• Will the insecticide provide acceptable control of the insect? Are you familiar with 
university research and recommendations?
• Is the recommended rate of application economical for your operation?
• How toxic is the insecticide?
• Is the insecticide a restricted-use product? If yes, why?
• Should you use a granular or liquid formulation for the target insect?
• Does this insecticide have the potential to contaminate ground water, even when label 
recommendations are followed?
• Will the use of this insecticide expose humans to health or safety risks?
• Will the use of this insecticide reduce populations of insect predators and parasitoids?
• Will the use of this insecticide threaten fish, birds, or other wildlife?
• Will the use of this product at labeled rates show up as an unsafe residue in food products?
Answering these sometimes difficult questions will take a little extra time and require 
searching for information that is not always readily available. In addition, the data 
necessary for answering some of these questions are by no means complete. The U.S. 
Environmental Protection Agency currently is embroiled in searching for data gaps for 
hundreds of pesticides, and the data gaps are numerous. However, this lack of complete data 
does not mean we should not forge ahead with what we know already or can interpret 
reasonably well.
Tables 1 through 5 list some chemical, toxicological, ecological, and environmental 
characteristics and information for the 20 agricultural insecticides that are suggested for use 
in In s e c t  P e s t  M a n a g e m e n t  f o r  F ie ld  a n d  F o ra g e  C ro p s  (Steffey and Gray 1991). The trade 
names are listed in alphabetical order in Table 1, and the corresponding common chemical 
names are listed in parentheses. The common names of insecticides are used in Tables 2, 4, 
and 5; trade names of insecticides are used in Table 3.
I neither discuss nor list information about chronic toxicity effects such as carcinogenicity 
(inducing cancer), oncogenicity (inducing tumors), mutagenicity (inducing mutations), 
teratogenicity (inducing monstrous growth of fetuses), reproductive effects, and neurotoxicity. 
Nor do I discuss or list the No Observable Effect Level (NOEL), Maximum Permissible Intake 
(MPI), Theoretical Maximum Residue Contribution (TMRC), or Acceptable Daily Intake (ADI) 
for any of the insecticides. The intent of the tables is to focus on the environmental and 
ecological characteristics of agricultural insecticides that are commonly used in Illinois, not 
on the potential long-term health effects that are still being hotly debated.
The data included in the tables were obtained from M S D S  R e fe r e n c e  f o r  C ro p  P ro tec tion  
C h e m ic a ls  published in 1988 by Chemical and Pharmaceutical Press; F a rm  C h e m ic a ls
137
H a n d b o o k  '9 0  published in 1990 by Meister Publishing Company; P e s t ic id e  F a c t  H a n d b o o k  
published for the U.S. Environmental Protection Agency in 1988 by Noyes Data Corporation; 
and T h e  P e s t ic id e  M a n u a l: A  W o rld  C o m p e n d iu m  published in 1987 by The British Crop 
Protection Council (Worthing 1987). Factual errors arising during the transcription of the 
information from these references are my responsibility.
T o x ic o lo g ic a l C h a r a c te r is t ic s
Acute oral and dermal toxicity values in Table 2 are expressed as LD50 which indicates the 
size of the dose that is lethal to 50 percent of the test animals. LD50 is expressed as 
milligrams (mg) of actual insecticide per kilogram (kg) of body weight of the test animal -  
mg/kg.
Oral and dermal LD50 values reported in various sources sometimes differ markedly 
depending on the carrier of the toxicant and the species, sex, age, and degree of fasting of the 
test animals. Acute oral toxicity values usually are obtained by feeding technical-grade 
product to white rats or rabbits; acute dermal toxicity values are determined by skin 
absorption tests on rats or rabbits. However, white mice, guinea pigs, dogs, and other animals 
sometimes are used for these tests. Whenever possible, I have used the data reported for white 
rats (acute oral toxicity) and rabbits (acute dermal toxicity). Because test results vary, an LD50 
may be expressed as a range of values rather than a single value.
With very few exceptions, the LD50 values in Table 2 are based on technical-grade product, not 
on common formulations. Formulated products are usually less toxic than the technical 
material. Table 3  lists the acute oral L D 50 , acute dermal L D 50 , and signal word for several 
insecticide formulations that commonly are used in Illinois.
E c o lo g ic a l C h a ra c te r is t ic s
Ecological hazards are indicated for each product listed in Table 4. Ratings of insecticide 
toxicity to fish, birds, and honey bees are provided. Those for bees can be interpreted readily 
as follows: (1) high-insecticide kills bees on contact and by residues; (2) moderate- 
insecticide kills bees if applied over them; (3) low-insecticide can be used around bees with 
few precautions and a minimum of injury.
The relative toxicities of insecticides to fish and birds must be interpreted from the available 
data. The primary test species for fish are rainbow trout and bluegills, but goldfish, golden 
orfe, carp, bass, catfish, guppies, harlequin fish, minnows, mosquito fish, and others also 
have been used by a number of different laboratories. The primaiy test species for birds are 
bobwhite quail, lingneck pheasants, and mallard ducks, but chickens, Japanese quail, 
canaries, ducks, pigeons, blackbirds, starlings, partridges, and others also have been used. As 
a consequence, the data for toxicity of various insecticides to fish and birds should be 
perceived as relative ratings.
Some insecticides do not have the same level of toxicity to insect predators and parasitoids as 
they do to insect pests. The toxicity may be lower or higher for the natural enemies.
Although these data are being accumulated in numerous research efforts, there is no current 
resource that discusses the effects of agricultural insecticides on specific natural enemies of 
insects that attack field crops. As this information becomes available, we will publish it in 
an appropriate manner.
E n v ir o n m e n ta l  H a z a r d s
The relative environmental hazards (contamination of surface or ground water) posed by 
various agricultural insecticides can be estimated by examining and comparing soil sorption 
indexes, water solubilities, and persistence. The information included in Table 5 was taken 
from Becker et al. (1989) from the University of Minnesota. They derived their data from the 
United States Department of Agriculture Soil Conservation Service/Agricultural Research
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Service Pesticide Properties Data Base, Version 1.9, developed by R.D. Wauehope, August 1989. 
The pesticide ratings for surface runoff and leaching were developed from those data by D.W. 
Goss at the SCS Midwest Technical Center, Lincoln, Nebraska. Data bases are being updated 
continually, but the data included in Table 5 were the most recent at the time of preparation 
of this article.
The values and ratings in Table 5 are approximations, and they provide only relative risk 
estimates for surface and ground water contamination. They should not be used to make 
insecticide use recommendations by themselves, but rather, they should serve as a guide for 
better management decisions.
Soil so rp tio n  in d e x . is a measure of soil adsorption, the tendency of pesticides to be 
attached to soil particle surfaces. Higher values (greater than 1,000) indicate a pesticide that 
is very strongly attached to soil and is less likely to move unless soil erosion occurs.
Products with lower values (less than 300 to 500) tend to move with water and have the 
potential to leach or move off-site with surface-water runoff. Those with values between 500 
and 1,000 are transitional and may be of concern, depending on the influence of other factors.
W a te r  so luh ilitu . The solubility of a pesticide in water at room temperature is given in parts 
per million or ppm (equals mg/L). Solubility of a pesticide will affect how easily it washes off 
crop residue and leaches through soil. In general, pesticides with solubilities of 1 or less tend 
to remain at the soil surface, tend not to leach, but may move off-site with soil sediment. 
Pesticides with solubilities greater than 30 ppm are more likely to leach. Those with values 
between 1 and 30 are transitional and may be of concern, depending on the influence of other 
factors.
P e r s is te n c e . Half-life, expressed in days, is the time required for pesticides in soil to degrade 
to one-half of their previous concentration. In general, the longer the half-life, the greater the 
potential for pesticide movement. A  pesticide with a half-life greater than 21 days may 
persist long enough to leach or move with surface runoff before degrading. The half-life 
values given should be used only as relative indicators of persistence. Half-life values may 
vary by a factor of three or more depending on soil moisture, temperature, oxygen status, 
microbial populations, soil pH, and other factors.
The values discussed in the preceding paragraphs were developed by the EPA as "Red Flags" or 
alerts to identify pesticides with possible leaching problems. "Red Flag" values for pesticide 
characteristics discussed in this article are:
Water solubility: greater than 30 ppm
Soil Koc: less than 300-500
Soil half-life: greater than 21 days.
If an individual pesticide property meets these criteria, a "Red Flag" goes up. However, it is 
not individual properties, but rather their interaction, that determines the behavior of a 
pesticide in the environment. The ratings presented in Table 5 were derived by 
mathematically considering these properties simultaneously. These ratings may be used to 
make gross estimates of relative leaching and surface runoff.
CONCLUSIONS
Deciding whether to use an insecticide can be supported by an understanding of IPM tactics 
and currently available economic thresholds. However, it is becoming increasingly important 
to consider the potential effects of an insecticide before using it. The information provided in 
this article is by no means complete. However, the toxicological, ecological, and 
environmental characteristics of the agricultural insecticides commonly used in Illinois 
presented in Tables 1 through 5 can aid in making decisions that also appraise potential 
environmental consequences.
139
For example, we have suggested the use of Dipel or another labeled formulation of B a c illu s  
th u r in g ie n s is  for control of European com borers in situations where wildlife, particularly 
birds, might be adversely affected by applications of a chemical insecticide (Steffey and Gray 
1991). In situations where runoff into a nearby pond or stream is possible, application of an 
insecticide that is not highly toxic to fish and that has a low potential for runoff should be 
considered.
If we are to prevent legislation and regulations from becoming unnecessarily harsh, we must 
make the commitment now to eliminate misuse and needless use of agricultural insecticides. 
When deciding whether an insecticide is appropriate, weigh the economic benefits against the 
environmental and health risks. After the decision to use an insecticide has been made, do 
everything possible to avoid insulting the environment. Make informed decisions about 
which insecticide is best and how much is necessary. Improved management of insecticides 
and other agricultural chemicals is essential if we hope to reduce the impact of these input 
resources on our natural resources. Everyone involved with agriculture has the right to 
choose how the land will be farmed, but with that right to choose comes the obligation to 
choose well.
REFERENCES CITED
Becker, R.L., D. Herzfeld, K.R. Ostlie, and E.J. Stamm-Katovich. 1989. Clean water: You can 
make a difference. Pesticides: Surface runoff, leaching, and exposure concerns. Univ. 
Minn. publ. AG-BU-3911, Minn. Ext. Serv., Univ. Minn., St. Paul, MN. 32 pp.
Carson, R. 1962. Silent Spring. Houghton Mifflin Co., Boston, MA. 368 pp.
Chemical and Pharmaceutical Press. 1988. MSDS Reference for Crop Protection Chemicals. 
1st edition. John Wiley & Sons, New York, and Chemical and Pharmaceutical 
Publishing Corp., Paris. 1,540 pp.
Meister Publishing Company. 1990. Farm Chemicals Handbook ’90. Meister Publishing Co., 
Willoughby, OH. 700 pp.
Nevling, L.I. 1989. Agro-ecology balances agriculture, heritage. Guest editorial. Agro-Ecology 
- Science and Education for a Sustainable Agriculture. l(3):4-5. Coll. Agric., Univ. of 
111., Urbana-Champaign, IL.
Noyes Data Corporation. 1988. Pesticide Fact Handbook, Environmental Protection Agency. 
Noyes Data Corp., Park Ridge, NJ. 827 pp.
Pedigo, L.P., S.H. Hutchins, and L.G. Higley. 1986. Economic injury levels in theory and 
practice. Annu. Rev. Entomol. 31:341-368.
Pierce, W.D. 1934. At what point does insect attack become damage? Entomol. News 45:1-4.
Rabb, R.L. 1972. Principles and concepts of pest management. Pages 107-115 in
Implementing Practical Pest Management Strategies. Proc. of a national extension 
pest management workshop. Purdue Univ., Lafayette, IN.
Steffey, K.L. and M.E. Gray. 1990. Insects - to control or not: the risks and benefits. Pages 
17-26 in Proc. 111. Fert. Conf., Jan. 23-24, 1990, Springfield, IL.
140
Steffey, K.L. and M.E. Gray. 1991. Insect pest management for field and forage crops. Chap. 1 
in Illinois Pest Control Handbook. Coop. Ext. Serv., Coll. Agric., Univ. of 111., Urbana- 
Champaign, IL.
Stem, V.M., R.F. Smith, R. van den Bosch, and K.S. Hagen. 1959. The integrated control 
concept. Hilgardia 29:81-101.
Worthing, C.R., ed. 1987. The Pesticide Manual: A  World Compendium. British Crop 
Protection Council, Thornton Heath, UK. 1,081 pp.
141
Table 1. Trade names and common names of the agricultural insecticides most frequently
used in Illinois
Trade name (common name) Trade name (common name)
Ambush (permethrin) Imidan (phosmet)
Asana (esfenvalerate) Lannate (methomyl)
Broot (trimethacarb) Larvin (thiodicarb)
Counter (terbufos) Lorsban (chlorpyrifos)
Cygon (dimethoate) Malathion (malathion)
Cythion (malathion) Orthene (acephate)
Diazinon (diazinon) Penncap-M
Dipel (B a c il lu s  th u r in g ien s is ) (methyl parathion, encapsulated)
Dyfonate (fonofos) Pounce (permethrin)
Force (tefluthrin) Sevin (carbaryl)
Furadan (carbofuran) Thimet (phorate)
Table 2. Toxicological characteristics of technical-grade agricultural insecticides commonly
used in Illinois
Insecticide 
(common name)
Acute oral LD50 
(mg/kg)
Acute dermal LD50 
(mg/kg)
acephate 866 945 > 10,250
B a c illu s  th u rin g ien sis NTa NT
carbaryl 255 > 2,000
carbofuran 4 35 > 10,250
chlorpyrifos 96 270 2,000
diazinon 300 400 3,600
dimethoate 215 > 800
esfenvalerate 458 > 2,000
fonofos 8 18 25
malathion 1,000 - 1,375 4,100
methomyl 17 24 > 5,000
methyl parathion
(encapsulated) >600 > 5,400
permethrin 430 - 4,000 > 2,000
phorate 2 4 4 - 9
phosmet 147 316 > 4,640
tefluthrin 1,531 - 3,091 148 - 1,480
terbufos 1 2 1
thiodicarb 166 > 2,000
trimethacarb 125 > 2,000
a NT = no evidence of acute or chronic toxicity
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Table 3. Toxicological characteristics of formulations of agricultural insecticides commonly
used in Illinois
Insecticide 
(trade name)
Acute oral LD50 
(mg/kg)
Acute dermal LD50 
(mg/kg)
Signal
word
Ambush 2EC __ . . . Warning
Ambush 25W >5,000 — Warning
Asana XL 458 2,000 Warning
Broot 15GX 566 > 2,000 Caution
Counter 15G 12 10 Danger
Cygon 400 715 2,966 Warning
Cythion 57% 1,915 - 2,372 1,659- >2,170 Warning
Dyfonate 4EC 10- 23 250 Danger
Dyfonate II 20G 51 - 116 570 Danger
Force 1.5G 1,531 - 3,019 > 2,000 Warning
Furadan 4F 7 - 19 6,780 Danger
Furadan 15G 70 > 2,000 Danger
Imidan 50WP 126 - 681 > 4,640 Warning
Lannate L 83- 88 > 5,880 Danger
Larvin 3.2 166 > 2,000 Warning
Lorsban 4E 272 > 2,000 Warning
Lorsban 15G > 2,000 > 4,000 Caution
Orthene 75S ___ Caution
Penncap-M 600 > 5,450 Warning
Pounce 1.5G — Caution
Pounce 3.2EC 1,030 > 2,000 Caution
Sevin 50W 406 — Warning
Sevin 80S 281 > 2,000 Warning
Sevin XLR Plus 642 > 2,000 Caution
Thimet 20G 5 - 14 33 - 75 Danger
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Table 4. Ecological characteristics of agricultural insecticides commonly used in Illinois
Insecticide Relative toxicitv3 to;
(common name) fish birds bees
acephate VL H M
B a c il lu s  th u r in g ien s is NT NT NT
carbaryl M VH L
carbofuran H H VH
chlorpyrifos VH H H
diazinon VH H H
dimethoate M H M
esfenvalerate VH H L
fonofos H M M
malathion M H L
methomyl M H H
methyl parathion
(encapsulated) VL H H
permethrin VH H L
phorate VH M VH
phosmet VH VH VL
tefluthrin VH H L
terbufos VH M H
thiodicarb M M L
trimethacarb H M L
a VL = very low; L = low; M = moderate; H = high; VH = very high; NT = no evidence of acute or 
chronic toxicity
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Table 5. Characteristics of agricultural insecticides commonly used in Illinois that might 
affect their behavior and fate in the soil
Insecticide 
(common name)
Soil sorption 
index
(Koc)
Water
solubility
(ppm)
Soil
half-life
(days)
Rating for 
movement bv: 
surface
runoff leaching
acephate 2 818,000 3 small small
carbaryl 200 114 10 medium small
carbofuran 22 351 50 small large
chlorpyrifos 6,070 2 30 large small
diazinon 500 40 40 medium medium
dimethoate 8 25,000 7 small medium
esfenvalerate 5,300 0.002 35 large small
fonofos 532 13 45 large medium
malathion 1,800 145 1 small small
methomyl 72 58,000 33 medium large
methyl parathion 
(encapsulated) 5,100 60 5 medium small
permethrin 86,600 0.2 32 large small
phorate 2,000 22 90 large small
phosmet 612 25 12 medium small
tefluthrin — - - — —
terbufos 3,000 5 5 medium small
thiodicarb 100 19 7 medium small
trimethacarb 200 58 10 medium small
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Rye: More Than a Mulch for Weed Control
J. Doll and T. Bauer
American farmers and weed scientists continue to seek improved strategies to manage weeds. 
Furthermore, it appears that the emphasis on environmental quality in recent years will not 
only continue to be part of these strategies, but also will increase in the 1990s. Among the 
weed management options being investigated is the use of "natural herbicides" in rye to 
suppress weeds. This effect, technically known as "allelopathy," is receiving renewed 
attention as an alternative means of weed management.
First documented in the 1800s (Rice, 1974), allelopathy refers to the ability of one plant to 
reduce the growth and development of another via chemical inhibitors. The phenomenon was 
initially studied by ecologists who observed that allelopathy is often a significant factor in 
the mechanism that controls species succession, and it sometimes accounts for the reason a 
climax species dominates other plants. In the last 25 years, many weed species have been 
found to inhibit (and occasionally stimulate) various physiological processes in plants. 
However, the use of these plant interactions in agriculture is a relatively recent development.
In early allelopathic studies researchers studied the effects of inhibitors in weeds on crop 
growth in order to better understand the total impact of weeds on crop production. For 
example, researchers at the University of Illinois (Bell and Koeppe, 1972) found that leachates 
of mature giant foxtail reduced the height, dry matter accumulation, and fresh weight of com.
One of the first weed scientists to attempt to utilize allelopathic interations to our benefit was 
Alan Putnam. He and Duke (1974) screened the world collection of cucumbers and found 
several accessions that demonstrated allelopathic activity to weeds in the greenhouse but gave 
inconsistent weed suppression in the field. In a similar study with oats, Fay and Duke (1977) 
found several lines with exceptional ability to inhibit weeds. They hypothesized that part of 
the displacement of weeds in oat fields is due to the excretion of allelochemicals from the 
crop.
In recent years, rye has received much attention for its potential as an allelopathic crop to 
suppress weeds. However, the effects of rye on weed growth were reported nearly 50 years ago 
(Faulkner, 1943), and various reports of its effects on other plants have appeared (Osvald,
1953; Phillips and Young, 1973; Robertson et al., 1976; Nuttonson, 1985;). The specific 
chemicals in rye that inhibit weed growth have been isolated, purified, and identified (Bames 
et al., 1986).
Systems of vegetable production that use rye to suppress weeds have been developed at 
Michigan State University (Bames and Putnam, 1983) and at Purdue University (Smeda and 
Weller, 1988). In general, small seeded vegetables are sensitive to the inhibitors in rye while 
larger seeded species (particularly legumes) and transplanted crops (like tomatoes) are 
tolerant. Several annual weeds have been suppressed 90% or more when rye residues are 
present. The inhibitory effect is reduced substantially if rye is tilled into the soil before the 
crop is planted.
Less work has been done with rye in agronomic crops. At the University of Minnesota, 
Wames (1988) has evaluated rye for weed control in no-till soybeans for four years and in no­
till com for two seasons. If rainfall is adequate, the system works well. When soil moisture is 
limited, yields are reduced. Such was the case during the 1988 drought which resulted in crop 
failure for the rye-based systems. Wames recommends that narrow row soybeans be planted 
into glyphosate-killed lye without tillage. If 30-inch or wider row spacings are used, weeds 
may emerge before the soybeans have formed a canopy over the soil surface. Rye does not 
appear to have any direct negative effect on either soybeans or com.
146
Similar results were reported from Illinois (Stoller et al., 1989). In four years of field tests, 
they found that com  and soybean yields when planted no-till into glyposate-killed rye mulch 
yielded as much as crops in conventional systems if rainfall was adequate and common 
lambsquarters was controlled. Killing rye at planting time gave better weed control than 
killing it two weeks earlier.
EXPERIENCE WITH RYE FOR WEED CONTROL IN WISCONSIN
Use of rye for weed control in no-till soybean production had not been tested in Wisconsin. A 
proposal to do research on this system was submitted to the LISA program. It was approved 
and trials have been conducted for two seasons.
One goal of these systems is to reduce the use of herbicides. Some believe zero herbicide use 
may be possible. However, unless the rye is killed, its rapid spring growth will seriously 
reduce soybean growth and yields. To date, most researchers have used paraquat or 
glyphosate to kill rye before no-till planting. Part of our research was done to determine the 
growth stage at which mowing kills rye so that it does not regrow and compete with soybeans 
therby making it possible to employ a system that utilizes no herbicides whatsoever.
In 1989, trials were conducted at the Arlington Research Station located near Madison to 
determine the feasibility of obtaining adequate weed control from fall-planted rye which was 
killed in the spring at three growth stages (tillering, boot, and pollination) by three means 
(glyphosate, mowing with a cycle bar mower, and chisel plowing). Rye was planted on Sept. 7, 
1988, in a wheat stubble field at 75 lb/acre in a silt loam soil prepared with conventional 
tillage methods. Rye was killed on May 4 (tillering stage), May 19 (boot stage), and June 2 
(pollination stage). Soybeans were planted with a no-till drill in 8-inch rows. Half of each 
plot received no other means of weed control than the rye itself; the other half was treated 
with an appropriate postemergence herbicide to control weeds, if necessary, as they appeared. 
Soybeans were seeded into plots without xye both in no-tillage and conventional tillage 
systems the same days as the other plots. Half of each non-rye plot also received either no 
herbicide or herbicides to control weeds. Each treatment was replicated four times. Weed 
control evaluations were taken several times during the season and soybean yields were 
measured at the end of the season.
The trial was repeated in 1990 with only minor changes in techniques. Rye was seeded with 
conventional seedbed preparation following com harvested for silage on Oct. 2, 1989. The 
following spring, soybeans were planted when rye was in the tillering (May 7), boot (May 22), 
or heading (June 4) growth stages. Rye was killed with glyphosate, by chisel plowing, or with 
a cycle bar mower after which the forage was either removed or left in the field. Due to the 
later planting date in the 1990 trial, rye biomass was considerably less than in 1989.
Results indicate that several of the systems tested offer great potential to reduce the amount of 
herbicide used in a no-till soybean production system. Mowing rye in the tillering and boot 
stages did not prevent rye from retillering, and this regrowth behaved as a very competitive 
weed. Rye mowed in the pollination or heading stages had very little regrowth, but planting 
in early June is later than ideal, especially if an early frost occurs as it did in 1989.
Rye gave adequate annual weed control when it was killed in the boot and pollination stages 
by glyphosate or by mowing and leaving the forage in the field. Even when the iye was 
removed as forage at these growth stages, weed control was acceptable. Killing rye with a 
chisel plow at any date essentially removed the allelopathic effect of the iye on weeds.
In 1989, rye reduced soil moisture when it was killed in the boot and pollination stages. 
Fortunately, timely rainfall during the season prevented serious moisture shortages for the 
soybean crop. In 1990, few differences in soil moisture were noted as rainfall was above 
normal early in the season.
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In 1989, soybean yields in plots with rye that did not receive additional herbicide were 
highest when rye was killed with glyphosate in the tillering and boot stages or by mowing 
when iye was in the pollination stage. However, the overall highest yields were obtained in 
the treatments without rye and with herbicides. The use of herbicides in addition to iye 
increased yields for each method of killing rye in the tillering stage, for the mowed and chisel 
plowed plots in the boot stage, and for the chisel plowed treatment at the pollination stage.
In additional trials in both 1989 and 1990, spring oats planted in the fall were winter killed 
and the oat biomass was insufficient to provide any allelochemical effect on weeds after 
soybeans were planted. However, the oat biomass did reduce soil erosion. Rows spaced 8 
inches apart are superior to 30-inch rows in terms of weed control given by rye in the boot 
stage that is killed with glyphosate. The reason for this is that soybeans in wide rows take 
longer to cover the soil surface, and thus the rye had to kill weeds over a longer period of time 
than it was capable of doing. In contrast, the beans in narrower rows covered the soil surface 
7 to 10 days sooner and were less affected by weeds.
In summary, the use of the physical and allelochemical properties of rye as a weed 
management approach in no-till soybean production systems may allow a reduction in 
herbicide use. Questions yet to be answered before wide spread adoption of this system occurs 
are: (1) How do we plant rye in fields where com is harvested for grain before being rotated to 
soybeans?; (2) Can we afford to wait until rye is in the pollination stage to be able to use 
mechanical means of killing it?; and (3) Do we have sufficient data regarding weed 
susceptibility to the allelochemicals in iye to be confident that the system will work on our 
most important species and under a wide range of environmental conditions? However, since 
the potential for success has been shown on farm testing of the system seems appropriate.
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Fungal Foliar Diseases of Wheat
W. Pedersen
The major wheat disease in 1990 was Septoria leaf blight and glume blotch. This is a disease 
complex caused by three species of Septoria. They are S e p to r ia  tritici and S e p to r ia  a v e n g e  
f.sp jr it ic i both of which generally infect the leaf tissue, and S e p to r ia  n o d o r u m  which infects 
both leaf tissue and glumes. In 1990, S e v to r ia  n o d o ru m  was the predominant organism 
isolated from infected wheat leaves; its symptoms were present in many fields in southern 
Illinois at Growth Stage 8 (flag leaf just emerged). Leaf rust also was present in many parts of 
the state, but this disease did not occur early enough to cause significant yield losses.
The most effective means of controlling many diseases is through genetic resistance.
Varieties with resistance to leaf rust, stem rust, and powdery mildew are available; however, 
only partial resistance has been found to the three species of Septoria. Caldwell Is one of the 
most susceptible wheat varieties, while Cardinal and Clark have moderate resistance to 
Septoria. In 1990, Cardinal suffered significant yield losses despite having partial resistance. 
Many fields were treated with the foliar fungicide propoconizol (Tilt, Ciba Geigy). However, 
disease pressure was so great that some yield loss was observed in treated fields.
DISEASE EVALUATION STUDY
Foliar fungicides were evaluated at two locations in 1990. The first location was southeast of 
Effingham on Art Michels' farm. We selected a field of Cardinal wheat in which the plots 
were arranged in a randomized complete block design with five replications. Plots were 
sprayed at Growth Stage 8, and some were sprayed again at Growth Stage 10.1 (heading), 
depending upon the fungicide that was used. Disease severity was assessed three times during 
the year, and yields were obtained. A  summary of the results of this study is presented in 
Table 1.
Foliar fungicides also were evaluated at the Agronomy/Plant Pathology South Farms,
Urbana. The cultivar was Pioneer Brand 2553, and, once again, plots were arranged in a 
randomized complete block design with five replications. Disease severity was assessed three 
times during the year, and yields were obtained (Table 2).
The use of triadimenol (Baytan) is reported to control loose smut, covered smut, seedbome 
Septoria nodorum (0.75 to 1.25 fl. oz/cwt), and early season infection of leaf rust, powdery 
mildew, take-all, and dry land foot rot. In 1990, we evaluated several fungicide seed 
treatments on four cultivars at Brownstown and Urbana. While we found no difference among 
the treatments for foliar diseases, their were differences among treatments for control of 
loose smut and grain yields (Table 3).
R e s u lt s  a n d  D is c u s s io n
Propiconazole (Tilt) is the only systemic fungicide approved for the control of Septoria on 
wheat. However, it is locally systemic, i.e. it is taken-up by the plant but is not translocated 
within the plant. Please remember, TILT MAY NOT BE APPLIED AFTER GROWTH STAGE 8 
when the flag leaf has emerged, but the ligule on the flag leaf is not visable. When applied 
properly, the head, which does not emerge until Growth Stage 10.1, is not protected. In 
addition, Tilt is effective for approximately 15-18 days. This time period is not long enough to 
prevent some yield losses in some years.
The application of flusilazole or propiconazole (all treatments) reduced disease severity of 
Septoria and increased yield compared with the control on Cardinal wheat at Effingham. 
However, when flusilazole was applied a second time at growth stage 10.1 (heading) at either
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the low rate (1.0 oz a.i./A) or the high rate (2.0 oz a.i./A) much better control of Septoria and 
higher yields were achieved. At Urbana, disease pressure was very low and neither fungicide 
affected yields.
At Brownstown, only Caldwell had a significant increase in yield with the Captan + Baytan 
seed treatment; however, there was an increase in yield for most cultivars. The highest mean 
yields for all four cultivars was Captan + Baytan (34.6 bu/A) compared with the control (30.2 
bu/A). At Urbana, none of the individual cultivars had a significant (5% level) yield increase 
compared to the control, but all four treatments were significantly greater than the control 
for the cultivar means. Both Baytan and Raxil (experimental compound) were extremely 
effective in controlling loose smut caused by Ustilago tritici.
Table 1. Effect of foliar fungicides on severity of Septoria leaf blight and yield of 
Cardinal wheat at Effingham, IL in 1990
Septoria infection (%)b 
at plant growth stage
Treatment (rate/Aa) 8.0 10.1 11.0 Yield
(bu/a)
Flusilazole (1.0 oz a.i./A) TR 5 40 57.4
Flusilazole (2.0 oz a.i./A) TR 5 40 57.7
Flusilazole (1.0 + 1.0 oz a.i./A) 3 TR 25 65.2
Flusilazole (2.0 + 2.0 oz a.i./A) TR TR 10 70.9
Propiconazole (1.8 oz a.i./A) TR 5 38 60.0
Control 3 20 51 52.0
LSD (5%) n.s. 6 8 5.2
a Rate is expressed as oz a.i./acre and was applied at growth stages 8.0 and 10.1, 
respectively.
b Septoria infection was assessed on a percentage of leaf tissue with symptoms of 
Septoria leaf blight; TR = trace (<1% disease).
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Table 2. Effect of foliar fungicides on severity of Septoria leaf blight and yield of 
Pioneer Brand 2553 wheat at the Agronomy/Plant Pathology South Farm, 
Urbana in 1990
Septoria Infection (%)b 
at plant growth stage
Treatment (rate/Aa) 8.0 10.1 11.0
Yield
(bu/a)
Flusilazole (1.0 oz a.i./A) TR TR 12 54.5
Flusilazole (2.0 oz a.i./A) TR TR 10 54.8
Flusilazole (1.0 + 1.0 oz a.i./A) TR TR 5 55.5
Flusilazole (2.0 + 2.0 oz a.i./A) TR TR 5 55.3
Propiconazole (1.8 oz a.i./A) TR TR 10 55.0
Control TR 5 20 55.0
LSD (5%) n.s. n.s. 5 n.s.
a Rate is expressed as oz a.i./acre and was applied at growth stages 8.0 and 10.1, 
respectively.
b Septoria infection was assessed on a percentage of leaf tissue with symptoms of 
Septoria leaf blight; TR = trace (<1% disease).
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Table 3. Effect of seed treatment fungicides on wheat yields at Brownstown and Urbana in 1990
_____________________Yield (bu/A)_______________________________
Caldwell Cardinal P2555 P2553 (smuta) Mean
Treatment
Brownstown: 
Vitavax 200 29.7 41.0 25.4 26.9 (75) 30.8
Captan + Baytan 27.5 47.1 29.4 34.4 (3) 34.6
Vitavax 200 + Baytan (10%) HB 27.6 39.4 31.6 34.1 (2) 33.2
Raxil + Thiram 23.4 39.6 30.5 30.3 (1) 31.0
Control 23.7 37.9 31.3 27.9 (198) 30.2
LSDb (5%) -----8 .2 ------------- 5.3
Urbana South Farms: 
Vitavax 200 73.2 80.0 94.4 76.3 (21) 81.0
Captan + Baytan 72.5 82.7 91.8 80.2 (1) 81.8
Vitavax 200 + Baytan (10%) HB 78.0 81.2 93.2 76.2 (0) 82.2
Raxil + Thiram 72.6 82.5 94.2 79.5 (1) 82.2
Control 70.5 78.3 88.6 72.4 (142) 77.5
LSDb (5%) ----- 8.7 - .......... - 4.6
a Smut = number of smutted tillers/32 sq ft infected with Ustilago tritici
b LSD values are from experiments that included several experimental compounds that are not included.
Musk Thistle Identification 
and Control in Illinois
D. Dimmick
INTRODUCTION
Why such concern about musk thistle? If you were to ask county extension advisers Charlie 
Willman (Randolph County) or Mike Roegge (Monroe County), you would learn that musk 
thistle has been a big concern of theirs for several years. In Greene County last year we found 
musk thistle growing profusely in wheat, CRP acres, roadsides, alfalfa fields, and pastures. In 
the past we have observed isolated plants here and there but not the solid infestations we 
experienced in 1990. Musk thistle is no longer strictly a southern Illinois problem; it has 
been identified as far north as the Wisconsin border.
Musk thistle, C a r d u u s  n u ta n s  L., sometimes referred to as "nodding thistle," is classified as a 
noxious weed in Illinois. The current Illinois Noxious Weed Law places the burden of 
enforcement of the act on appointed local and county weed control superintendents. 
Unfortunately, this method of enforcement is not widely used and is not very effective when it 
is used.
Musk thistle control is a problem shared by both public and private sectors within our state. 
Those agencies that have accepted the concept of a collective and cooperative interagency 
approach toward the control of musk thistle on public and private lands in Illinois are; the 
Illinois Department of Agriculture; Illinois Cooperative Extension Service; Illinois 
Department of Transportation; Illinois Department of Conservation; Illinois Department of 
Public Health; Illinois Natural History Survey; University of Illinois College of Agriculture; 
Illinois Environmental Protection Agency; Illinois Soil Conservation Service; Illinois 
Agricultural Stabilization and Conservation Service; Illinois Beef Association; and Illinois 
Agricultural Association.
If we can convince the public sector that control is being accomplished in the private sector 
and convince the private sector that control is being accomplished in the public sector, then 
we will be well on our way toward controlling the spread of musk thistle in Illinois.
Hopefully, this type of cooperation will carry over into control programs for other designated 
noxious weeds, i.e., johnsongrass and Canada thistle.
We have much to be proud of in this state. However, thistles growing along interstates, 
pastures, and fence rows leave an impression that Illinoisans are not very good managers and 
stewards of our land. We need to leave a better impression of our great state to those who visit 
or live within.
Those of you who attend the Agricultural Pesticides Conference are a highly motivated, 
aggressive group who have a strong sense of pride and a thirst for knowledge. Each of you 
plays a veiy important role in this control effort. Working together as a coalition of public 
and private entities, we can and will bring the noxious weed problem in Illinois under control 
using integrated and environmentally sound measures.
IDENTIFICATION AND BIOLOGY
Musk thistles are large, spiny plants with a wide range of adaptability and growth habits.
They are primarily b ie n n ia l (growing vegetatively during the first year and fruiting and dying 
during the second), but they also may grow as w in ter  a n n u a ls  (sown in the autumn of one year
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Under adverse conditions, plants may be only a few inches tall, single stemmed, and bear 
only a few heads. Under excellent growing conditions, single plants may be six to eight feet 
tall, profusely branched, and produce several hundred heads with 1,000 to 1,500 seeds per 
head. Flowers are usually a deep rose color, but a rare white-flowered form has been observed.
Musk thistle reproduces entirely by seed. Seeds generally germinate in the fall or spring, but 
they may germinate any time moisture is sufficient. About 70 percent of the seed germinates 
the first year and 20 percent the second year; the rest either are not viable seed, or they 
germinate later.
After seed germination, the plant develops into the rosette stage (a disk of leaves close to the 
ground). The rosette will grow and increase in diameter until the onset of cold weather. Then 
a tap root, which helps the plant overwinter, develops. The following spring, new leaves 
originate from crown buds.
The bolting stage (rapid vertical growth) begins when the seed stalk starts to form and 
continues until the first flowerhead appears. The plant begins flowering in early to mid-May 
and continues through August. Flower color varies from purple to a deep reddish pink. The 
flowers of musk thistle are solitary, approximately 1 1/2 inches in diameter, and are 
described as "powder puff' in shape in contrast to the "shaving brush" appearance of other 
thistles. Each flowerhead is located at the tip of a long stem or branch which bends or nods 
and twists as the flower matures. The plant dies after all of its seeds mature.
CONTROL
C h e m ic a l . Chemical control can be effective if treatments are properly timed. Banvel, 2,4-D, 
and Tordon will control musk thistle, ft is critical to apply herbicides when the musk thistle 
is in the rosette or pre-bud stage, either in the spring or fall. The fall period, September and 
October, is an excellent time to control musk thistle. Applications made after the plant bolts 
are too late for effective control Always remember to read the herbicide label.
C u ltu ra l. The best time to mow musk thistle is within two days after the terminal flowerhead 
blooms. However, this is difficult because maturity of plants varies as much as nine weeks. 
Nonetheless, this method of control inhibits seed production the most and has maximum 
effect on re-bolting.
Musk thistle is not a serious weed problem in crops requiring a spring tillage operation. 
Tillage easily eradicates rosettes established the preceding summer or fall. However, fall 
planted grains and alfalfa can experience problems with musk thistle infestations.
B io log ica l. Biological control can be obtained by introducing the musk thistle weevil, 
R h in o c y llu s  con icu s . (Figure 1, from "Integrated control of musk thistle using an introduced 
weevil," University of Missouri Agricultural Guide G4867.) The larvae of this insect feed in 
the receptacle of the developing flower, disrupting seed formation. This weevil can contribute 
to a substantial reduction in thistle populations over a period of five to seven years. Spraying 
and mowing operations can be scheduled to do little harm to the weevil.
Effective control of musk thistle requires dedication and perseverance because of the 
longevity and viability of seeds (at least 7 years) in the soil. For this reason, it is extremely 
important to prevent musk thistle from going to seed.
Many new infestations of musk thistle have been traced to a pasture seed mix or other small 
seed mixtures. Producers are advised to purchase and sow small seed mixtures that are free of 
musk thistle seed.
and fruiting and dying by the following autumn) and sometimes even as a nnua ls  (completing
the life cycle in one growing season).
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Placarding of Agrichemical Transport Vehicles
T. Crawford
The use of standardized placards as a warning system that identifies vehicles used for 
transporting agrichemicals and other dangerous articles is only one of several related 
requirements associated with the transportation of hazardous materials. The federal 
Hazardous Materials Regulations are contained in Parts 100-199 of 49 Code of Federal 
Regulations (49 CFR).
These federal requirements have been adopted by the State of Illinois, in accordance with the 
Administrative Procedures Act, to apply to the transportation of hazardous materials over 
Illinois highways. Responsibility for coordination of this regulatory program is assigned to 
the Illinois Department of Transportation's Division of Traffic Safety.
Compliance with provisions of the regulations is required of any person who offers a 
hazardous material for transportation (the shipper) and any person who transports a 
hazardous material (the carrier). The term person is defined to include not only individuals 
but also business enterprises as entities subject to the regulations.
Due to the necessity of establishing requirements for the many commodities that may be 
governed by the Hazardous Materials Regulations, the regulatory scheme established in 49 
CFR, Parts 100-199, is slightly complicated. Although a general overview is presented here 
and some materials are used to illustrate requirements, a more complete review of the 
requirements should be made before any hazardous material is transported in Illinois.
As in the case of any hazardous material, the transportation and storage of agrichemicals 
that pose a risk to persons, property, or the environment are subject to federal, state, and 
local regulations. In general, the transportation of hazardous materials is subject to 
regulations that establish general requirements for:
• classification;
• description;
• packaging;
• labels;
• marking;
• incident reporting; and
• placards.
C la s s if ic a t io n .. Any person who offers a hazardous material for transportation must classify 
the material by identifying those factors that cause it to pose a risk during transportation. 
Each of these factors is identified with defined criteria in the regulations.
For example, a flammable liquid is defined in the regulations as a liquid with a flash point of 
less than 100 degrees Fahrenheit; a combustible liquid is defined as a liquid with a flash 
point of 100 degrees Fahrenheit or more but less that 200 degrees. Materials defined as 
flammable liquids are subject to the requirements related to that hazard. Any liquid with a 
flash point in the range established for combustible liquids must comply with requirements 
for that hazard.
Neither requirements for the transportation of flammable liquids nor requirements for 
combustible liquids would apply to liquids with a flash point of 200 degrees Fahrenheit or
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higher. It also should be determined if the material has any other characteristics that would 
pose a risk in transportation.
In evaluating that risk, the classification process must include analysis of the material in 
four specific areas:
• What are the significant hazardous properties of the material?
• Is the material a substance controlled by EPA to protect navigable waters?
• Is the material a waste that requires a manifest for disposal?
• Does the material have a defined inhalation hazard?
D es c r ip t io n s . To satisfy requirements related to descriptions, any person who offers a 
hazardous material for transportation must describe the potential risks in the standard 
language defined in the regulations. The use of standard language provides for clarity and 
ensures that drivers, dock workers, warehouse personnel, and emergency response 
organizations recognize the hazards of the material.
A  complete description is required on a shipping paper or other document, whereas specified 
descriptors are required on the package. The description required on the shipping paper 
includes:
• proper shipping name;
• hazard class;
• identification number; and
• supplemental information for specified materials.
P a ck a g in g . Hazardous materials must be packaged in containers that are designed and 
manufactured to prevent significant release of materials into the environment. An 
authorized container must be acceptable for use with the materials being transported and 
must be manufactured in accordance with specifications contained in the regulations.
L a b e ls . Unless specifically excepted, packages of hazardous materials must be affixed with 
labels that denote the hazard class (primary hazard) and subsidiary hazards identified during 
the classification process. Certain requirements define the procedure to follow if two or more 
labels are required.
Each diamond (square on point) label must be at least four inches square with each side 
having a black solid line 1/4 inch from the edge. The labels, through the use of standard 
colors, words, and figures, readily identify the hazardous properties of the materials 
contained within the package. The information presented is, of course, extremely important 
to persons who must handle the hazardous materials and even more important to those who 
have to respond to incidents involving leaking or broken packages.
M a rk in a . Standard, required markings are used on packages of hazardous materials to 
supplement information provided by the standardized label system. The size of the marking 
and the information required to be displayed are contingent on the type of package and the 
material being transported.
In general, markings are required to identify:
• proper shipping name;
• identification number; and
• supplemental information when required.
In c id e n t  R ep o r tin g . Any spill of a hazardous material in the State of Illinois that results in a 
release of that material into the environment is required to be reported. Notification must be 
made promptly to the local emergency response agency and as soon as practical to the Illinois
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Emergency Services and Disaster Agency (IESDA) through its emergency telephone facility 
(800/782-7860).
At the earliest practical moment, a person who transports hazardous materials (including 
hazardous wastes) shall give notice, as required in the regulations, to the United States 
Department of Transportation (800/424-8802) of the release of such hazardous materials if as 
a result of such release:
• a person is killed;
• a person receives injuries requiring hospitalization; or
• property damage exceeds $50,000.
P la c a rd s . No person may move a transport vehicle containing hazardous materials unless the 
vehicle is marked and placarded as required by the regulations. In addition to placards 
described herein, special markings, in conjunction with placards, may be required for bulk 
vehicles used to transport containers.
Each vehicle used to transport hazardous materials must be placarded on each end and on 
each side with the placards specified in either Table 1 or Table 2 unless the vehicle contains 
less than 1,000 pounds of materials listed in Table 2.
Special placarding provisions are required for the transportation of some of the more 
significant materials:
• materials with inhalation hazard;
• radioactive materials; and
• materials that react dangerously with water.
The person who must transport agrichemicals that will be used in a farming operation has 
the benefits resulting from previous shipments of the material. Unless the material has been 
repackaged and its characteristics modified, previous decisions on classification, packaging, 
descriptions, markings, and labeling can be exploited. Only decisions regarding placarding 
need to be made.
If they are subject to the regulations, agrichemicals generally fall into four hazard classes, all 
of which are identified in Table 2 of the regulations:
• corrosive materials;
• flammable liquids;
• poison B; and
• oxidizer.
As stated above, the vehicle used to transport hazardous materials must be placarded on each 
end and on each side unless it contains less than 1,000 pounds of materials listed in Table 2. 
Therefore, placards are required only for shipments of 1,000 pounds or more of any of these 
materials or any combination of these materials.
For example, if a vehicle is used to transport 2,000 pounds of a liquid herbicide that bears 
flammable liquid labels, reference can be made to Table 2 to identify the placards required.
In this case, the "Flammable" placard would be required.
A  vehicle used to transport 750 pounds of that material and 500 pounds of liquid parathion 
(classed as a Poison B and labeled "Poison") would be required to be placarded because it is 
carrying more than 1,000 pounds of hazardous materials that are listed in Table 2. In this 
case, both the "Poison" placard and the "Flammable" placard would be displayed. The 
regulations do permit the use of a "Dangerous" placard to represent two or more materials 
from Table 2, but its use is limited.
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The good news for the agricultural community is that there are special exceptions In the 
Illinois Hazardous Materials Regulations that apply to the transportation of hazardous 
materials from a retailer to the final end-user or between final end-users.
The regulations do not apply to the transportation of the following materials when such 
commodities are transported from retailer to final end-user or from farm to farm in approved 
containers and in the amounts and manners specified:
• Agricultural pesticides classified as Class B Poison or Flammable by these regulations when 
moved in quantities of 5,000 pounds or less (aggregate gross weight) or 500 gallons or
less volume in solution;
• Gasoline, diesel fuels, oils, lubricants, and liquified petroleum gas when moved in quantities 
of 3,000 gallons or less and properly placarded in accordance with 92 111. Adm.
Code 172.504(a);
• Ammonium nitrate fertilizer when moved in quantities of 16,000 pounds (aggregate gross 
weight) or less;
• Anhydrous ammonia when transported in a cargo tank (commonly known as a nurse tank 
and considered an implement of husbandry) operated by private carriers exclusively for 
agricultural purposes under conditions described in the regulations.
It should be noted that the transportation of anhydrous ammonia in a nurse tank requires 
that the tank be placarded and marked with the identification number except that one end 
need not be placarded and marked if that end contains valves, fittings, gauges, or other 
appurtenances.
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Table 1. Placards for various hazardous materials (Section 172.504)
If the transport vehicle or freight 
container contains a material 
classed (described) as -
The transport vehicle or freight 
container must be placarded on 
each side and each end -
Class A  explosives..........................................
Class B explosives..........................................
Poison A .........................................................
Flammable solid (DANGEROUS WHEN WET 
label only)................................................... ..
Radioactive m ateria l.....................................
Radioactive material:
Uranium hexafluoride, fissile 
(containing more than 1.0 pet U235) .......
Uranium hexafluoride, low specific 
activity (containing 1.0 pet or less 
U235) ..............................................
EXPLOSIVES A 1 
EXPLOSIVES B2 
POISON GAS1
FLAMMABLE SOLID W 3 
RADIOACTIVE4-5
RADIOACTIVE4 AND CORROSIVE6 
RADIOACTIVE4*5 AND CORROSIVE6
1 See Section 172.510(a).
2 EXPLOSIVES B placard not required if the transport vehicle or freight container contains 
class A  explosives and is placarded EXPLOSIVES A  as required.
3 FLAMMABLE SOLID ’W ” placard is required only when the DANGEROUS WHEN WET label is 
specified in Section 172.101 for a material classed as a flammable solid.
4 Applies only to any quantity of packages bearing the RADIOACTIVE YELLOW III label (see 
Section 172.403).
5 For exclusive use shipments (see Section 172.403) of low specific activity radioactive 
materials transported in accordance with Section 172.425(b) or (c).
6 CORROSIVE placard not required for shipments of less than 1,000 pounds gross weight.
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Table 2. Placards for various hazardous materials (Section 172.504}
If the transport vehicle or freight 
container contains a material 
classed (described) as -
The transport vehicle or freight 
container must be placarded on 
each side and each end -
Class C explosives................................
Blasting agents.....................................
Nonflammable gas ...............................
Nonflammable gas (Chlorine).............
Nonflammable gas (Fluorine).............
Nonflammable gas (Oxygen, cryogenic
liquid) .............................................
Flammable gas .....................................
Combustible liqu id ..............................
Flammable liquid................................
Flammable solid ..................................
Oxidizer OXIDIZER9-10
Organic peroxide..................................
Poison B POISON
Corrosive material...............................
Irritating material...............................
DANGEROUS b9 
BLASTING AGENTS9*10 
NONFLAMMABLE GAS8 
CHLORINE7 
POISON
OXYGEN
FLAMMABLE GAS8 
COMBUSTIBLE1 23-4 
FLAMMABLE 
FLAMMABLE SOLID5
ORGANIC PEROXIDE
CORROSIVE6 78910
DANGEROUS
1 Applies only to a class C explosive required to be labeled with an EXPLOSIVE C label.
2 [Reserved]
3 COMBUSTIBLE placard required only when a material classed as a combustible liquid is 
transported in a packaging having a rated capacity of more than 110 gallons, cargo tank, or 
a tank car.
4 A  FLAMMABLE placard may be used on a cargo tank or portable tank during transportation 
by highway, rail or water, and on a compartmented tank car containing materials classed 
as flammable liquid and combustible liquid.
5 Except when offered for transportation by water, a FLAMMABLE placard may be displayed 
in place of a FLAMMABLE SOLID placard except when a DANGEROUS WHEN WET label is 
specified for the material in Section 172.101 (see Table 1).
6 See section 172.245(b) of this subchapter for authorized exceptions.
7 CHLORINE placard required only for a packaging having a rated capacity of more than 100 
gallons; the NONFLAMMABLE GAS placard for packagings having a rated capacity of 110 
gallons or less.
8 A  NONFLAMMABLE GAS placard is not required on a motor vehicle displaying a 
FLAMMABLE GAS placard or an OXYGEN placard.
9 BLASTING AGENTS, OXIDIZER and DANGEROUS placards need not be displayed if a 
transport vehicle or freight container also contains Class A  or Class B explosives and is 
placarded EXPLOSIVES A  or EXPLOSIVES B as required.
10Except for shipments by water, OXIDIZER placards need not be displayed if a freight 
container, motor vehicle or rail car also contains blasting agents and is placarded 
BLASTING AGENT as required.
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On-Farm Pesticide Use in 1990: 
Results of a Survey
D. Pike and K. Glover
A  survey of Illinois farmers was conducted in 1990 in order to determine pest control 
practices for com, soybeans, alfalfa, and small grains. The survey was mailed to 2,000 
farmers during the month of September. Responses were identified by township and county 
for determination of pest occurrence and pest control practices by geographic region. Early 
results indicate that both late season rains and farm bill programs affected pesticide use.
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1990 PESTICIDE USE SURVEY
1. Total cultivated area (Including land rented from others) __________ acres?
2. Total acres of set aside__________ ?
3. 1990 cropping practices not in set aside land. Report all farm land as one unit
"1990"
Crop
Total
Acres
Planted
ACRES TREATED 
WITH
ACRES OF PRIMARY TILLAGE
ACRES ROTARY HOED 
OR CULTIVATED
Mold
board/
Plow
Chisel
Plow
Fieldcult / 
Disk 
Only
No
Till
Ridge
Till
(Count acres worked twice 
as additional acres)
Herbicides Insecticides Rotary Hoed Cultivated"In preparation for the seedbed of this year's crop"
Corn
Soybeans
Sorqhum
Wheat
Oats
All Hay
Pasture
H E R B I C I D E S
Crop
H e rb ic id e  
T r a d e  N a m e s
F o rm u la t io n
U se d
A m o u n t  o f  
F o rm u la t io n
U se d
(p e r  a c re )
A c re s  
T  rea ted
A p p lic a t io n
T im in g
N u m b e r  
o f  T im e s  
In c o rp a te d  
( i f  P P I )
A p p lic a t io n
Corn
Soybeans
Sorghum
Wheat
Other
1 = broadcast
2 = band/directed
3 = spot application
(4E, 4L,) 
(90DF. etc)
(Specify) (Specify) (Specify) oz. pt. lb. (Specify) (Circle applicable choice)
1 = PPI 0 1 2
2 = PRE *
3 = POST *
1 2 3
— —
1 = PPI 0 1 2
2 = PRE
3 = POST
1 2 3
—
1 = PPI 0 1 2
—
2=  PRE 
3 = POST
1 2 3
1 2 3 0 1 2 I 2 3
1 2 3 0 1 2 1 2 3
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SEED TREATMENT PEST SCOUTING
Crops
Seed T reatment 
(if known)
Acres
Treated
(specify)
Com
Soybeans
Wheat
Sorghum
Other
Corn Soybean Alfalfa Others
By self or 
family, etc. (acres)
pest scouting 
firm (acres)
Number of 
times scouted
Pests scouted:
Weeds Y N Y N Y N Y N
Insects Y N Y N Y N Y N
Disease Y N Y N Y N Y N
Additional Questions:
1. How many acres were damaged by the following soil insects:
Wireworms ___________ acres
White grubs ___________ acres
2. List the 5 most prevalent weeds on your farm, (list most common first)
3. Please rank how you decide to apply post emergence pesticides during the growing season. 1 -  most important reason
t0 ^Calenderschedule Neighbor spraying _____ University recommendation Scoot fields Dealer Recommendation__ Neighbor spraying
What percentage of herbicides on your farm were applied by custom services?
If you apply manure on your corn fields how much less nitrogen per acre do you apply?
What is your average corn yield over the past five years? ______ ____bu./acre
What is your average soybean yield over the past five y e a rs ? __________ _bu./acre
8. How often do you read pesticide labels? Please circle one. 1 Each time the product is applied
2. Almost every time the product is applied
3. Once a year
4. Never
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SOIL INSECTICIDES
C r o p
R o ta t io n
Insectic ide  
T r a d e  N a m e
F o rm u la t io n
U se d
A m o u n t  o f  
F o rm u la t io n
U s e d
(p e r  a c re )
A c re s  
T  rea ted
T im e  o f  
A p p lic a t io n
M e th o d  o f  
A p p lic a t io n
T a rg e t
Insect
1 = pre plant
2 = at planting
3 = postemerg
1 = band
2 = broadcast
3 = in furrow
(Specify) (Specify) oz. pt- lb. (C i r c le  a p p lic a b le  ch o ice ) (Specify)
C o r n
a fte r
co rn
1 2 3 1 2 3
1 2 3 1 2 3
C o r n
a fte r
so y b ean s
1 2 3 1 2 3
1 2 3 1 2 3
C o r n
a fte r
o th e r  c ro p
1 2 3 1 2 3
1 2 3 1 2 3
FOLIAR INSECTICIDE TREATMENTS
Crop Pest
Insecticides
Used
Acres
Treated Crop Pest
Insecticides
Used
Acres
Treated
(specify) (specify)
1. Corn Pests:
Cutworm
European Corn Borer 
(a) First Generation 
(B) Second Generation 
Corn Earworm 
Fall Armyworm 
Corn Rootworm Beetle 
Grasshoppers 
Other:
2. Alfalfa Pests:
Potato Leafhopper 
Alfalfa Weevil
Other:
3. Soybean Pests:
Bean Leaf Beetle
(a) early season (seedlings)
(b) late season (pods) 
Green Cloverworm 
Grasshoppers
Spider Mites 
Other:
4. Wheat Pests:
Armyworms 
Cereal Leaf Beetle
Other:
5. Other Crop Pests:
(list crops) (list pests)
FUNGICID ES AND NEMATICIDES
Crop
Product
Trade
Name
Formulation
Used
Amount of 
Formulation 
(used per acre)
Acres
Treated
Applied
by
1 = self
2 = custom
(specify) (specify) O Z . lb. (circle one)
Corn
Soybeans
Wheat
Sorghum
Other
1 2
1 2
1 2
1 2
1 2
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Herbicide Tolerant Crops
J. Graham
Herbicide tolerant crops are not new. We have had herbicide tolerant crops since the advent 
of selective herbicide use. This has become increasingly complex as we moved from 2,4-D 
which selectively removed broadleaf weeds from grass crops to the triazines which selectively 
prevented grasses and broadleaf weeds in com to the acetanilides which selectively prevent 
grasses and broadleaf weeds in both grass and broadleaf crops. Also, the biochemistry of crop 
plants can be modified by chemical safeners to enhance tolerance to levels at which selective 
weed control is possible. Thiocarbamates and acetanilides in com and milo are examples. 
Therefore, herbicide tolerant crops are not new; however, we are entering an era when we have 
a new tool, genetic engineering, to obtain herbicide tolerant crops.
Until the present time, herbicide tolerance in crops or selective herbicides have been 
developed by a combination of empirical synthesis, biological screening, biochemistry 
knowledge, and directed synthesis. We synthesize new chemicals hoping to discover highly 
active, broad spectrum herbicides that possess favorable environmental properties. We screen 
these herbicides on a weed/crop spectmm to determine if they control weeds without affecting 
the crops. Then we apply a wide range of scientific skills (Table 1) to select the most effective, 
consistent, and environmentally friendly products. This has been a veiy effective method of 
herbicide discovery and has given us the broad range of herbicides that are available today.
G en e tic  E n g in e e r in g . The ability to breed plants with unprecedented precision offers us a new 
tool for developing selective herbicides. Genetic engineering also provides access to a broader 
range of germ plasm not available through conventional plant breeding. Before the advent of 
genetic engineering, plant breeders were limited by the inter-specific crossing barriers; but 
now that those barriers have been eliminated, breeders can access genes from many biological 
sources, e.g., plants, bacteria, or animals. Gene transfer is very precise because only one or a 
few genes are involved instead of the large number of extraneous genes involved with cross 
breeding. This tool enables us to reduce the focus on selectivity and to focus on highly active 
and effective weed control products. Very often the most active molecule of a class of 
chemical compounds is nonselective, and unit activity is often sacrificed to gain selectivity. 
We can then make the crop resistant to this new herbicide.
We at Monsanto, along with other companies and academic researchers, have shown that it is 
possible to develop herbicide tolerant crops. I will not give you the scientific details of how 
we genetically alter crops because this research has been published already. However, the 
steps we use to develop herbicide tolerant crops are listed in Table 2.
What is the current status of herbicide tolerant crops? At present, research to develop 
herbicide tolerance in several crops is underway. Conventional selection techniques have 
resulted in imidazolinone resistance in com and sulfonylurea resistance in soybeans. 
Glyphosate resistance in soybeans, cotton, and canola, glufosinate resistance in various crops, 
and bromoxynil resistance in cotton are examples of successes of genetic engineering. At 
present, none of these efforts have been commercialized, but we will likely see genetic 
engineering become an integral part of herbicide discovery programs.
The regulatory arena is where benefits and issues will be considered along with the socio­
political impacts of herbicide tolerant crops. Valid concerns (Table 3) must be addressed. We, 
along with others, have extensive programs underway to address these issues. We need 
definitive information about each issue if we are to achieve commercialization of herbicide 
tolerant plants. Availability of herbicide tolerant crops will offer the grower, the distribution 
system, and the general public many benefits. Some of these are listed in Table 4. Just as we
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have addressed the concerns, we presently have programs underway to obtain specific 
information about each benefit.
In summaiy, essentially 100% of the com and soybean acreage in the U.S. is treated with a 
herbicide because weed control is required for optimizing crop yields and because herbicides 
are cost effective. As superior or more cost effective means of controlling weeds become 
available, growers will use them. Farmers choose pest control practices primarily on the basis 
of effectiveness and economics.
Herbicide tolerant crops will be one of the key new products of the genetic engineering era. 
Genetic engineering is the new technology of plant breeding. Crops have been engineered 
genetically by plant breeders for many years as they made millions of crosses that moved 
specific genes in crops. These efforts have resulted in genetically superior crops with many 
economic benefits. Genetic engineering offers a new opportunity to maintain our 
advancement in agricultural technology and to increase food production via herbicide 
tolerant crops.
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Table 1. Some of the scientific skills utilized in developing selective herbicides
Agronomy
Ecology
Chemistry
Biochemistry
Plant Physiology 
Toxicology 
Computer Modelling
Table 2. General steps in the development of herbicide tolerant crops
• Crop transformation and regeneration
• Access to a gene for herbicide tolerance
• Whole plant expression
• Incorporation into commercial varieties
• Consistent performance across geography and environment
Table 3. Technical and regulatory issues affecting commercialization of herbicide
• Development of weed resistance
• Crop yield penalties
• Nutritive penalties
• Increased use of chemicals for weed control
Table 4. Some of the benefits of herbicide tolerant crops
• Increased weed management flexibility for growers
• Increased crop safety
• Replacement of current products with more environmentally 
acceptable ones
• Potential source products for minor crops
• Superior control of specific weed problems
resistant crops
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The Status and Future of Direct Injection
L. Bode and R. Wolf
Several studies have documented that calibration and mixing errors exist for both 
commercial and farmer applied agricultural chemicals. Hofman and Hauck (1983) found that 
inaccurate travel speed accounted for 32% of the application errors.
Technology involving injection of chemicals, metered at the proper rate, directly into the 
water or fertilizer carrier appears to offer promise for improving the precision and safety of 
the chemical application process. Concentrated chemical is metered and injected into the 
sprayer plumbing system on the basis of desired chemical application rate, nozzle flow rate, 
and sprayer travel speed. The chemical must be thoroughly mixed before being discharged 
through the nozzle. Feedback from a ground speed transducer, soil organic matter sensor, or 
other sensors can be used to adjust injection rate in response to changes in travel speed soil 
organic matter content, or other inputs.
Advantages associated with the direct injection concept include: improved personal safety: 
reduction in the total amount of chemical applied; elimination of chemical mixing 
compatibility: and environmental protection. Direct exposure to chemical concentrates, 
which is most pronounced during mixing and loading, is greatly reduced. One study indicated 
that a closed mixing system could reduce daily exposure of a mixer/loader as much as 99% as 
compared to hand pouring (Dewey et al., 1984). Since the metering rate of the concentrated 
chemical can be tied to ground speed, application errors can be reduced. With the development 
of new sensors for estimating soil organic matter content and other variables, the chemical 
rate can be varied to match the actual field conditions rather than having only one rate 
selection for the entire field.
Since no chemicals are added to the carrier tank, direct injection eliminates physical tank 
incompatibility and contamination from residues due to improper tank cleaning. No surplus 
solution or rinsate from tank cleaning is generated. It is becoming increasingly 
difficult to properly dispose of unwanted pesticide waste, and elimination of the waste is more 
environmentally sound than waste disposal.
DIRECT INJECTION SYSTEMS FOR SPRAYERS
Several experimental, direct injection systems have been constructed and evaluated over the 
past 10 years. Limitations of systems have included the lag time for the chemical to reach the 
nozzles, if it is injected into the carrier at the pump, and improper mixing, if the chemical is 
injected directly into each nozzle. Handling wettable powders is also a problem.
Most of the early problems have been overcome, and there are several units commercially 
available while others are in the development stage. Present direct injection systems 
generally can be classified by the type of metering pump used: 1) pumps that inject the 
chemical on the suction side of the carrier spray pump; and 2) pumps that inject the chemical 
in the spray boom or near the spray nozzle.
Paristallic or squeeze pumps are commonly used when injecting into the carrier spray pump 
These pumps are inexpensive and have proven reliable if calibrated frequently. Paristallic 
systems cannot inject into spray lines having high pressure and are either connected to the 
suction port of the carrier pump or use a venturi to reduce the pressure at the injection point.
Positive metering pumps are used commonly when injecting into the spray boom or nozzle 
These pumps are more expensive than paristallic pumps but are durable, accurate, can handle 
a wide range of products, and can inject directly into a spray boom even if it is operated at a
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high spray pressure. These pumps can be ground driven or have their speed controlled 
through a stepping motor that is linked to ground speed by a speed transducer.
Commercial units of both types of pumps are available and are gradually being adopted by 
applicators. Most of the problems associated with the introduction of a new concept into the 
market have been solved, and satisfaction among the users is high. As with any advanced 
technology system, the management level required to maintain the system requires high 
attention to detail.
ON-BOARD IMPREGNATION OF FERTILIZER WITH PESTICIDES
The newest use of direct injection is for on-board impregnation of fertilizer with pesticides.
In surveys conducted with current owners, the major reason given for purchasing on-board 
systems is the concern for environmental issues and worker exposure to chemicals.
Obviously, getting the impregnation into the field and out of the plant tremendously reduces 
the risks to the employees and the community.
The reduced time factor is another reason given for using on-board impregnation. On-board 
impregnation also eliminates the need for cost increasing drying agents. However, some 
herbicides require some "additives", such as mineral seal oil, to prevent problems. Drying 
agents take approximately six to seven seconds to be effective. With on-board impregnation, 
the herbicide and fertilizer are in contact one or two seconds before exiting the boom.
On-board impregnation allows the rate of herbicide to be varied in the field. The product is 
not pre-mixed so there is no surplus mixture left when the application is completed. The 
process is time saving and cost efficient for the dealer. Finally, on-board impregnation can 
eliminate the problems associated with the cleaning of plant blending equipment and 
disposal of rinse water.
Presently, there are at least four suppliers of on-board impregnation equipment. Two systems 
are quite similar in that they use a positive displacement metering pump, stainless steel 
tanks, and electronic spray controls. The impregnation point is at the charge auger that leads 
to the vertical auger on a pneumatic flotation applicator.
One system is available that utilizes paristallic pumps and up to five poly chemical tanks.
The pump is controlled by a travel speed and soil organic matter microprocessor and 
supporting controls. The impregnation point is at the charge auger that leads to the vertical 
auger. A  unique variation of this principle is a system that uses twenty squeeze pumps. One 
pump supplies chemical to each nozzle on the air boom. The chemical is injected at the point 
of fertilizer discharge. Work is presently underway to verify the uniformity of chemical 
application on the soil surface when using this system.
Some problems have occurred when booms become plugged with fertilizer. Many plugging 
problems can be solved simply by reducing application speed from 20 MPH to 15 MPH. At a 
minimum, the spreader must be pressure washed at the end of each day. Most of the early 
problems associated with on-board impregnation have been solved, and users are satisfied 
with the concept.
Many custom applicators believe that co-application of granular herbicides with fertilizer 
will provide advantages over liquid on-board impregnation and will be the most commonly 
used method in the future. Ease of storage and ease of clean-up generally are given as reasons 
using granules.
All three major, flotation, air spreader manufacturers have separate bins to dispense and 
apply granular herbicides. Although there are only a few units with granular co-application 
equipment, thousands of acres have had granules applied through pneumatic applicators with 
excellent results. Experience during the next year or two will determine the future of 
granular co-application with fertilizer.
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